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THE MEASUREMENT OE SURFACE TENSIONS 
By Allan Ferguson, M A , D Sc 
{Eai>t London College) 

Received February, 1922 

» It may save repetition if I here define the various symbols used 
Uroughout this report 

T = surface tension , d = '"temperature , m = mass , g — the 
cceleration due to gravity , h = the height of ascent of a liquid 
1 a capillary tube , r = radius — ^usually the radius of a capillary 
ube, or the ladius of maximum section of a large drop or bubble , 
L, i. = a radius of curvature — ^usually the radius of curvature at the 
ertex of a capillary surface , y = contact angle , ( ssT jgp) stands 

4 , or the so-called specific cohesion of a hquid Numerical values of T 
'4re always given m d 3 me-cm"^ 

J This report deals with recent advances in the methods and technique 
Ssed m the determination of surface tensions, and it advisedly concerns 
'Itself with methods rather than results It is now clearly recognised 
^|hat an accurate knowledge of the tension m surfaces separatmg a 

I md from a vapour phase, and, more especially, of the tension in 
liquid-liquid or a liquid-solid mterface, is a first condition for the 
antitative discussion of many of the problems of colloid chemistry 
d physics The methods foi the determination of these latter 
nstants aie barely emerging fiom a primitive stage of development, 
d it cannot be said that a standard method for their measurement 
s yet been evolved It is important, therefore, to discuss the 
ithods of measuring surface tensions at a hquid-vapour interlace, 

:, apart from the mterest which the results of these methods may 
ve to the worker in colloids, a discussion of the more important 
the later advances m these methods wdl fjirmsh ideas which may 
:ve m the attack on the more difficult problem of the measurement 
mterfacial tensions 

Border-line subject as it is, the measurement of surface tension 
s attracted the attention of chemists, physicists and biologists , 
d, while the mtellcctiial interest imported into the subject by 
irkers who look at it from very different angles is all to the good, 
ere are none the less important disadvantages to be set down on 
e debit side Of these, a lack of appreciation of the mechanical 
mciplcb involved in the establishment of the equations, of equilibrium 
which the measurements depend, is undoubtedly one of the most 
nous , and it is still not uncommon to find in modern papers and 
;atises statements of the type " Surface tension is defined as the 
:ce which acts at right angles to the surface of a hqmd* along a Ime 

f f unit length ", “the ideal weight of a falling drop is given by 
ArTi, " the drop falls when its weight just exceeds the surface ten- 
ion ” ; " the acceleiation due to gravity is 981 dynes at” — ^Weiss- 
ichtwo, shah we say ’ And the hke Surface tensions are expressed 
* Italics mine , this astonishing definition is to be tound in a recent edition 
f a text-book published for the use of pass and honours students iii tjie 

(b 34-254)z 



in all soits of units, correct and incorrect — dynes, unfortunately, 
are sometimes given — and that unhappy quantity, molecular surface 
eneigy, has been credited with a goo^y proportion oi the umts of 
the physical calendar "Large” and "small,” as terms apphed to 
the capillary surface, are not exactly appieciatcd , and, most iinpoj>fei!at 
of all, in the use of those methods which ^depend on a knowledge 
of the contact angle, this angle is sometimes assumed to be zero on 
very slight evidence, sometimes is neglected on no evidence at all , 
so that the results given are of very doubtful value 

The remarkably rapid development of coHoid chemistry and 
physics durmg the last generation is reflected in a correspondingly 
laige mciease in the number of measurements of capillary constants , 
and it is gratrfymg to record that, especially in the last five or six 
yeais, a larger measure of attention has been given to some of the 
points outlined above But even now misstatements are still far 
from uncommon , and a knowledge of the magnitude of the contact 
angle being of the first importance, it will perhaps best serve the 
purposes of those who wish to make use of this report if I discuss, 
first, the methods lately employed for the determination of contact- 
angles, then the advances m the measurement of the surface tension 
at a hquid-vaponr surface, and, finally, such methods as have been 
employed for the measurement of uiterfacial tensions 

Contact angles 

Probably the best method for obtammg the value of a contact 
angle is to measure the surface tension of a liquid by two different 
methods — one giving the value of T independently of the contact 
angle, while the second method depends on an equation mvolvmg 
both T and y In this way each of the important capillary constants 
may be determmed mdependently Magie^, by measuring the total 
depth of a large bubble of air imprisoned beneath a concave lens 
immersed in the liquid, and by comparmg tins with what we may 
call the “ semi-depth ” of the bubble — ^the vertical distance between 
the vertex and the plane of greatest horizontal section — ^has detei mined 
a numbei of contact angles, and Langmuir* has also used this method 
I have elsewhere"^ classified a number of the more important methods 
for the measurement of surface tensions, the main grouping being 
into those (A) dependent on, and (B) mdependent of a knowledge of 
the contact angle Any pair of these methods may be chosen — we 
may, for example, combme the capiUary-rise method, the weighing 
of the pull on a vertical plate, or the measurement of the pull on a 
spherical surface touchmg the liquid, from (A), with the weighing 
of the tension in a film, or the observation of the maximum pressure 
required to release a bubble from the oiifice of a capillary plunged 
vertically into the hqnid, from (B) 

Durmg recent years, a number of experiments have been made to 
determme contact angles directly, and, apart from an actual estimate 
of the magmtude of the contact angle, to determine whether it departs 
so appreciably from a zero value as seiiously to affect the value of 
the surface tension determmed on the assumption that the contact 



angle is zero Pockels^ has discussed the problem generally and — a 
matter of very great importance m these measurements — gives full 
instructions for ensurmg the perfect cleanliness of the surface under 
of^ervation 

From the more piominent experiments may be cited those of Furth®, 
who measures the angle 6f contact of mercury with glass from obser- 
vations made on a convex surface partially covered with meicury 
Anderson and Bowen measure®* by an optical method, the radius of 
curvature (R) at the vertex of the capiUary surface mside a vertical 
glass tube Several observations are made, using tubes of different 
radii Remembenng that tlie limitmg value of r/R, as r approaches 
zero, IS the cosme of the angle of contact, it is clear that if we plot 
values of r as abscissae agamst those of R as ordinates the mclmation 
of the tangent at the origm is given by tan ^ = cosy For water, 
glycerine, ohve oil and turpentme the value of <!> is very closely 45°, 
pointmg to a zero contact angle with glass for each of these substances 
For mercury the contact angle with glass is found to be 139° These 
results have been confirmed for water, glycenne, ohve oil and tur- 
pentine by the optical exammation’ of a long cyhndncal drop of 
liquid pendent fiom a thm plate of glass held with its plane vertical 
Clark®, measuring interfacial tensions by the capiUary-rise method, 
deteraimes y approximately by comparmg the depth of the memscus 
with the radius of the tube The latest duect experiments on the sub- 
ject are those due to Richaids and Carver®, who observe the angles 
of reflection of rays of light m the region immediately surroundmg 
the Ime of union of the liquid with a vertical glass plate They find 
that the angle of contact between water and glass is very accura tely 
equal to zero 

The Surface Tension at a Liqmd-gas Interface 
The mam advances made durmg the last ten years m these measuie- 
ments are concerned with improvements m the technique of the 
capiUary-rise method and of the drop-weight method 

The chief troubles which beset obseivers who use the capillary-rise 
method aie, apart from the necessity common to aU surface-tension 
methods of working with a perfectly clean surface 
(i) temperature control , 

(u) tube cahbration , 

(m) small corrections , 

(iv) contact angle difficulties 

The difficulties connected with the measurement of the contact angle, 
so often slurred over, are, as we have seen m the last section, at last 
receiving something approachmg to a due measure of recognition 
\ But, this apart, the teclmique of the capiUary-rise method wfil always 
present senous difficulties, and unless time is no object, and apparatus 
can be elaborated at will, the method can hardly be considered as 
ideal The measurement and control of the temperature of the 
meniscus demand precise thermostatic and optical arrangements, 
, and the selection, calibration and cleaning of a suitable tube have 
been loiown to take up some months of the time of an mvestigator 
(B S4-254)z A 4 



The measurement of the surface tenQinr. „+ 1,1 1 , 

presents problems which cannot yet be sairl tr. , liquids 

Nisi^o has determined the surf L tensl nf 

fSSsSe^"'' ‘° S'*™-” t'£ s^i 'S’lirS 


Interfacial Tensions 

As pieviously mentioned, the measnrpm,:..-.f ^ ^ , 

has barely emerged fiom its primitive state Tt ^ mterfacul tensions 
none the less, seen notable advances! and it iJ “ 
that the work of the next few years will nrodnpp n* ^ much to hope 
tensions which will prove to be as consi^ipne^^ figuies for mtei facial 
obtained foi liquid-an tensions iccent numbeis 

tot wc may toe say that the prStg ‘f” ' 

systematic series of deteimmations of some ^ 

number of independent and accurate statical 

of the icsults so obtained would soon nomt ^ comparison 

which would giie dependable figures ^ method or method' 

In measurements of interfacial tensioTic! wn 1 x x, 

work of Quincke Many of his metS, haTi”’’'" i ? 
to modification, but the initial impetus m 

surface-tension work, is largely due to him ” much othe 

Many of the methods discussed in tht nix Pxa,!,., x 1 

used for interfacial work, and, unfortunately inimb have beer 
proved to be unreliable '■mately, much of the woik ha, 

Watson*'® has used the ripple method fnr tu,, ™ x . , , ' 

T-”^fc + P,)-g, 

where n is the frequency of the dipping fork and 1 . 1 .. 1 . , 

the ripples generated ^ ^ X 1 U -> ,u c-l( ug"j ol 

Apart from the disadvantage that thn px,.,„x. . 
method, as applied to interfacial tensions^ ^ 

practice Trouble due to upper-surface waves a ur-o^cCnM'' '' 
light fiomthis surface, maybe remedied, but the n uh d ! m n . "1 

lai" 

Poi mercury-water Watson found values nf T , . 1 

385-8 and 364 1 For merciity-alcohol T^var^ed I v ^ 1 

364 3 Foi water-benzole and for water-petrolenm , ' 

son.= mttor vanahle figures gave T, A'tt,';' 

spectoely Watson attempted to verfiy these la, to h t, ' 

use 01 a spring balance, measurmg directb- x " , 

film formed when a wire rectangle wth its ^ vcaurl i"'du,‘;,.!'nJ 



fiom the interface For water-benzole he found a value 35 86, 
but the figure obtained by this method for water-petroleum was about 
44, not at all m agreement with that obtamed by the ripple method 
„The discrepancy was ascribed to the difficulty of foiming a true film, 
and an attempt to measure the interfacial tension m terms of the 
maximum pull experienced when a short horizontal rod is withdrawn 
from the mterface met with greater, though stdl qualified, success 

V Lerch^ has used the ca^rllary-iise method to ineasuie the inter- 
facial tension between W'ater and benzene The capillary tube was 
immeised m a wide containing vessel, and the value obtamed for T 
was 32 3 

Claik® has also used the capillary-rise method to measure inter- 
facial tensions, the capdlary tube (mternal radius r = 0 060 cm , 
external ladms Zj = 0 088 cm ) being immeised vertically in a 
narrow tube of radius — 6 279 cm The tension was deterinmcd 
by the equation 

T - g (P - Pi) 

for wluch no proof is given His method for measurmg y has been 
previously described For alcohol-olive-oil he finds Tg^ = 14 2 , 
for ethyl ether-glycerme T^^g = 15 4 

L3Tide^® has investigated the effect of pressure on interfacial 
tensions The denser of the two liquids was placed in a U-tiibe, 
having a nariow limb of 1 mm and a " wide ” limb of 1 cm bore 
The tube was immersed in the hghter liquid and pressures varymg 
between 1,000 and 6,000 pounds per square mch were applied to the 
whole system Calculations of the actual values of the surface tension 
were not made, the quantity 100 /T 8TjZp being calculated from 
the change m the capiUary elevation For mercury-water and for 
mercurj'^-ethei systems this coefficient was constant and positive 
For ether-water and for chloroform-water systems the coefficient 
was constant and negative With carbon disulphide-water the co- 
efficient was positive and varied slightly with the pressuie No 
collection was applied for the radius of the wider tube, and the 
contact angle was assumed to be zero 

By far the most accurate of the capillary-iise experiments are 
those due to Haikms and Humphery,*® who used, as a " Wide " vessel, 
a special contamei which did not necessitate the use of excessive 
quantities of liqmd The technique of the method is admirable 
Water is poured mto the container, and a vertical capiUary 
tube IS completely immeised therein Benzene is then poured on 
to the water stufacc, and the tube is raised by a ratchet until 
the water-benzene meniscus falls to some definite point The ver- 
tical distance between this pomt and the tip of a platinum pointer 
touching the interface in the container is carefully measured and 
the suiface tension deduced m the usual way Their results (assummg 
the contact angle to be zeio) are probably the most reliable yet 
obtained and aie here given in extenso 



Benzene-Water Interface 


T 

0(°C) 

34 98 

10° 

34 52 

20° 

34 18 

25° 

33 82 

30° 

33 22 

40° 


These results, they say, aie represented between 0° and 40° by 
T = 35 54 (1-0 0560), 
which IS piesnmably a mispiint for 

T = 35 54--0 0560 

The capillary-rise method has lately been used in much more 
primitive fashion by Reynolds,^'^ who places the capillary in a 
burette and measuies the capillaiy use in terms of the buiette scale 
divisions The reduction of these readings to centimetres, the meniscus 
correction, and the correction due to the curvature of the interface 
outside the capillary tube arc simultaneously made by a method 
whose vahdity is, apparently, nowhere investigated The result 
for a benzene-water mterface (Tj,, = 34 4) is in fair agreement with 
that obtained by Harkins and Hiimphery, but not at all in agreement 
with some check experiments made by Reynolds usmg the dropping 
pipette These gave a value of 28 0 for the interfacial tension at 
19° The discrepancy is hardly surprising, as the surface tensions 
are evaluated by means of a formula which is analogous to the 
equation 

mg — 2v;rT 

for hquid-air tensions, and this formula, as we have seen, is completely 
invahd 

Gouy® has determined the tension at a mercury-water interface 
by measuring with a travelling-microscope the dimensions of a large 
drop of mercury immersed in water For a freshly formed surface he 
obtains the value T^g = 426 7, and has noted that if the system 
be allowed to stand the surface tension remams for a time constant 
in value, and then begins to fall Lcnkewitz®” has used the same method , 
calculating the surface tension from measurements made directly 
on the ten-times-magnified image of a mercury drop about 7 cm in 
diameter 

By far the most interestmg lesults for interfacial tensions are 
those due to Harkins and his collaboiators The importance of 
their work demands detailed treatment We have already mentioned 
that Harkins and Blown®® have studied the variations m the value ot 
the function F in 

mg = 2TT:rT F 

Remembering that a has the dimensions of a length, we see that the 
equation 





s dimensionally sound, where V is the volume of a detached drop 
Hu kins and Biowu, knowing irom capillary-iise experiments the 
suiface tensions against an of water and of benzene, carried out a 
most careful senes of experiments similar to those initiated by Rayleigh, 
and discussed m the last section They plotted values of F(i'/«) against 
the corrcspondmg values of rja, and did the same for rfV^ and the 
corresponding values of cp (r/Vi) 

One method used to evaluate a surface tension from the weight 
of a falling drop is to calculate V from the known mass of the diop 
and the density of the hquid, then to find r/V^, and hence from the 
curve, the corresponding value of 9 (f/V») 

The surface tension is then given by 

T - 



^ In measurmg mterfac^ tensions, the volume of the detached 
drop is usually measured directly, bemg observed from the change 
la volume of the liquid m the pipette Harkins and Broi^n make 
fce jmportant observation that the natural period of fall of the drop 
“^ould be firm minutes or more, and pouit out that “ if dilute aqueous 
solutions of long chain organic molecules aie used it is often necessary 
to let the drop hang at full size foi half an hour or more m order to 
obtain the static surface tension of the solution ” 

Such an observation as this makes it cleai that the ordinary 
practice of the drop-number method is beset with pitfaUs In the 
hands of Hardy®^ and of others it has yielded useful results, but it 
is not too much to say that many of the figures for mterfaciaJ tensions 
obtamed by its aid are not only valueless but positively misleadmg 
It is, for example, qmte useless to measure the slowness of formation 
of the drops by givmg the number of cubic centuneties which escape 
from the pipette m a given time Until the volume of each drop 
IS known, nothing can be deduced from sucli data Moreover, to 
obtain satisfactory lesults it is necessary to adjust the dimensions 
of the tip to suit the particular system under observation Harkms and 
Bi;own, for instance, record the formation of a drop having a volume 
of nearly fourteen culnc cenhmetres, when anisol and water were the 
liquids employed Nevertheless, a tip havmg a diametei of 9 5 mm 
gave quite satisfactory lesults 

Haikins and Grafton®'^ have used the drop-weight method to 
del ermine the tension at mercury-liqiud interfaces For mercury- 
water they find Tjq = 374 8, — a mean of several closely concordant 
numbers 

The great variation m the values given by the various methods 
quoted for the magnitude to the tension at a mercury-water mter- 
face serves further to emphasise the need for more independent 
measiurements It is not necessary here to elaborate favourable 
lines along which it seems desirable tliat future research should 
proceed — I have already discussed the matter elsewhere^® in fairly 



full detail It lb sufficient here to say that seveial promising methods 
can be devised having as their basis the equation , 



Tlie pressuie excess p at any point oi the suitace may be determined 
experimentally, hnd the principal radii of cuivatuic (R^ and Rg) at this 
point may be evaluated in several ditfgrcnl ways,i“ ^ a comparatne 
studj of which would well repay the trouble iniohed Photographs 
of laige drops, oi, indeed, of drops of any si/e, may be made, and 
nicasuiemcnts made theicon should jneld the necessary pifor.viafiAn 
Jaeger’s method may be suitably modified to meet tl 
and the measurement of the maximum pull on an anchor 
slowly from the interface commends itself as a suital 
I am at piesent engaged in developing a method m wh 
liquids aie contained in a "vertical capillary tube attached t 
chamber The value of the intei facial tension may 
from measurements of the piessuie required to drive 
up the capillary tube until the suiface of the liquid ena 
the upper end of the capillaiy is exactly plane The mi ■ 
piomising, but I have not as yet any figuies to quote 
Research along some such lines as these would do mud 
tnistworthy data for the solution of many of tlu pioblen 
chemistry and physics 
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REPORT ON COLLAGEN AND GELATIN 
By Professor Henry Richardson Procter {University of Leeds) 
and 

John Arthur Wilson {Chief Chemist A F Gallun and Sons Co , 
Mihoaiikee) 

Received 6th March, 1922 

Owing to the wide separation of the joint-authors of the leport, and 
the impossibihty of personal co-operation, it has been found necessary 
to divide the work, and J A Wilson takes the responsibility for the 
summary of American progiess, and H R Procter for that of European 
With regard to the latter, its authoi must apologise for some incom- 
pleteness, as circumstances have compelled its completion m the 
absence both of his own, and of general scientific libianes, but it is 
hoped that it may prove sufficient as a general summary of progress 
made smee the last report Attention has been drawn by iootnotes 
to cases m which the two summaries are mutually confirmatory, or 
in which they may appear to differ 

1 American Work 

There is still some dispute as to tlie chemical relationship between 
collagen and gelatin, particularly as to whether collagen is an anhydride 
or merely a dehydrated foim of gelatin Collagen is converted into 
gelatin by heating m watex at 70° C Bogue finds that heatmg dry 
gelatin for 15 hours at 110° C renders it msoluble, but that reheating 
the msoluble mass in water at 70° agam renders it soluble He accepts 
this as supporting Hofmeister’s view that gelatm is converted mto its 
anhydride, collagen, by heating P 1 i- ” as a highly 

dehydrated gelatm converted mto £ < .e appioach 

of its constituent paiticles, rati i of gelatm 

C R Smith found that gelatin aueu ai lou aiiu uieii heated to 



14 


128° C loses 1 25 per cent m weight It then swells very slowly and 
dissolves in water at 35° C to 40“ C , with nearly complete lestoration 
of its ]ellymg power He concedes that gelatin dried at 128° C may 
be conveited into collagen, but consideis that collagen itself mg,y 
represent a form of gelatin which is difficult to disperse Wdson and 
Daub found no visiMe tendency for the collagen fibres of calf skm 
to dissolve during 24 hours' contact with water at 40° C , even m 
the presence of pancreatin and at values rangmg from 4 to 10 
This fact makes it appear doubtful that the product which Smith 
obtained by heating gelatin to 128° C was identical with the collagen 
of calf skin Plimmer says that " those protems which are resistant 
to the action of tiypsm until they have been acted upon by pepsjn 
will have ah their units contained m the anhydride ring ” If true, 
this statement would lend support to the view that coUagen is-nm 
anhydride of gelatin, since trypsin wiU hydrolyse gelatin, but not 
cohagen unless it has previously been attacked by pepsm 

Gelatin is hydrolysed by both pepsin and trypsin Northrop, 
in makmg a comparison of the relative velocity of hydrolysis of the 
various peptide linkmgs of the gelatin molecule when hydrolysed 
by acid, alkali, pepsin and tr57psm, found that those Imkages which 
are most rapidly attacked by the enzymes aie split most easily by 
alkah and are most resistant to acid hydrolysis Similar studies 
upon cohagen have apparently not yet been made 

Michaelis and Grincff found the isoelectric point of gelatin to 
he at pH = 46 In a gieat variety of experiments, Loeb confirmed 
this value approximately, finding 4 7 But only very recently has 
any direct effort been made to determine the isoelectric point of 
collagen Working with standard hide powder, Thomas and Kelly 
obtained the value of 5 by means of experiments with acid and basic 
dyestuffs, while Porter found 4 8 by swehmg expeiiments, indicating 
that collagen and gelatin have practicaUy the same isoelectric pomt 
But m them experiments upon batmg, Whson and Daub found the 
minimum plumping of calf skin to occur m the region of 6 1 to 9 8^ 
but it IS recognised that a skin contains several proteins and it is 
even possible that the cohagen of calf skin is not identical with that 
of the hides used for making hide powder , m fact, calf skin seems 
to yield a higher grade of gelatm than heavy hides Their test, however, 
was not sufficiently delicate to place the isoelectric point exactly 
Loeb uses the isoelectric point as a means of purifying gelatm and 
other proteins, reasonmg that the protein wih combine with neithei 
anions nor cations at its isoelectric pomt and that it can therefore 
be freed from impurities by brmging it to its isoelectric point and then 
washmg The general procedure for gelatm is to wash it with successive 
portions of 0 002 M hydrochloric acid below 20° C , and then with 

Porter {J S LTC , 1921, p 281) in experiments in the Procter Research 
Laboratory, found the point oE mininnim swelling of sieved hide-powder to be 
very sharply at pH = 4 8, with a short rapid rise, and then very slow increase 
from = 6 to pH = 10 The minimum swelhng of Wilson and Daub seems to 
cover this almost flat part of the curve, and unless they used bufiers at very short 
intervals between = 4'5 and 6 0, they might easily miss the actual mimmum 
altogether 
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distiUed water to remove the excess of acid Field used this method 
and showed that gelatm so tieated is ash free and at its isoelectnc 
point The punhed jelly obtained was opaque and white, but became 
tmnspaient upon the addition of either acid or alkali Smith, 
apparently unaware of Loeb’s earher work, suggested a similar pro- 
cedure, but foimd that the washing could be facilitated by treating 
first with salt watei, to prevent sweUmg until the acid was lemoved, 
and then with distdled water to remove the salt 

Experiments upon the mutarotation of gelatin led Smith to suggest 
that gelatm itself exists in two forms a sol form stable above 35° C 
and a gel form stable below 15° C , a condition of equihbrium existing 
between the two forms at intermediate temperatures At 15° C 
or less, the specific rotation of gelatm is practically constant at {a)d == 
—313 for all concentrations, while at 35° C or over it is practically 
constant at {a)A — -141 for all concentrations But at intermediate 
temperatures it increases with the concentration Moreover, gelation 
does not take place at any concentration above 35° C These facts 
are taken to indicate the existence of two forms of gelatin, the gel 
form havmg a specific rotation of [a)d — -313 and the sol form a specific 
rotation of {a)d — -141 Measurements of the velocity of mutarotation 
lead to the view that the change from the sol to the gel form is a rever- 
sible, bimolecular reaction, two molecules of the sol foim umting to give 
one molecule of the gel form Increase in laevorotation parallels 
mciease m viscosity, due to the mcreasing proportion of the gel form 
He calculates that a maximum concentration of from 0 6 to 1 0 giam 
of the gel form is required to produce gelation As the temperature 
is uicreased, the total concentration of gelatm required to produce 
gelation is mcreased because of the decreasing proportion of the gel 
form, which does not exist at all above 35° C Gelatm is the only 
protem known to show mutarotation, but it gradually loses this 
property along with its ]eli 3 nng power, when its solutions are kept 
at temperatures above 70° C 

Alcohol precipitates gelatm from solution, but this action is 
hmdered by the presence of electrolytes Feim found, with increasing 
concentration of strong acids or alkahes, tliat the retardmg effect 
passes through a sharp maximum, at which no precipitation occurs 
at any concentration of alcohol, and then decreases to a constant level 
Salts w'hich hydiolyse readdy, like aluminium chloride, act much like 
strong acids m this respect The effectiveness of strong acids and 
alkalies m preventmg precipitation is reduced by the addition of 
univalent sMts Polyvalent cations arc much moie effective than 
univalent ions in reduemg the effect of alkalies and polyvalent anions 
hkevnse m reduemg the effects of acids m pieventmg precipitation 
by alcohol But when pol 5 rvalent cations and anions are present 
together, they reduce each other’s effects* 

The effect of electrolytes m hmdcrmg the precipitation of gelatin 
by alcohol is paralleled, withmhmits,by their effect upon the sweUmg 

“ Procter [Kail Beihefte.lQll, 2, 270) found tliat jellies swollen by acids 
could not be dehydrated by absolute alcohol, but that the addition of acid to the 
alcohol increased its dehydrating efEect 



of gelatin jellies and the osmotic piessure, \iscosity and other properties 
of gelatin solutions Certain schools of chemists have assumed that 
these eflects are not governed by the simple, quantitative laws of 
chemistry and ha\e sought to explain them m terms of "hydration 
capacity,” " Hofmeister scries,” " lyotrope influence,” and other 
vague terms, which upon caieful examination piovc to offer no ex- 
planation at all Loeb and Wilson in America, howevei, have been 
staunch suppoiters of the view put forth by Procter that the properties 
of gelatin in the presence of electrolytes can be explained quantitatively 
in terms of orthodox physical chemistry, and this view now seems 
indisputably established In the third report Wilson showed that 
Procter's data could be calculated with gieat accuracy from the simple 
assumption that gelatin combines chemically with acids oi bases, 
foiming highly lomsable salts Smee that report was prepaied, Loeb 
has accumulated a great mass of data further coiroboiating this view 

He showed dearly that the Hofmeister senes is not the correct 
expression of the lelative effect of ions on the swelling of gelatin, 
and that it is not true that chlorides, bromides and nitrates have 
" hydrating ” and acetates, tartrates, citrates and phosphates " de- 
hydrating " effects At the same pH value, the chloride, nitiatc, 
tuchloi acetate, tartrate, succinate, oxalate,, citrate and phosphate 
of gdatin swell to the same degree, while the swelling is consideiably 
less for gelatin sulphate, which is exactly what would be expected on 
the basis of the combinmg ratios of the Corresponding acids The 
anions of the weak polybasic acids are almost entirely monovalent, 
whereas the anion of the stiong sulphuric acid is divalent It is tlie 
valency ralhei than the natuie of the anion that affects the degree 
of swelling The divalent anion has no gi eater osmotic piessuic than 
a monovalent one, but must distiibute it between two protein equi- 
valents and we get therefore only about half the degree of swelling 
This is fm ther corroborated m experiments with alkalies , the hydrox- 
ides of lithium, sodium, potassium, and ammonium cause the same 
degree of swelling at the same pH value, whereas calcium and barium 
hydroxides cause only about half of this degree of swelling The ions 
also act m a similai sense upon the relative solubility of gelatin in 
alcohol-water mixtures Conductnity measuiemcnts show that the 
drop in curves foi swelling, osmotic pressure, or viscosity at values 
decreasmg from 3 is not due to repiession of the ionisation of the 
gelatin salts and that the difference in properties of gelatin sulphate 
and chloride is not due to differences m degree of ionisation of the two 
salts 

Loch’s experiments seem to indicate that proteins combine only 
with cations on the alkaline side of the isoelectric point and only 
with anions on the acid side Accoiding to the Procter-Wilson theory, 
the combination of protein and hydrogen ion is governed by the law 
of mass action, which means that theoietically there must be some 
combination at any pH value However, a calculation from this 
theory shows that at 4 7 only 0 4 per cent eif the gelatin would exist as 
cation, while at a pH value of 6 this would be i educed to a few 
thousandths of 1 per cent Loeb’s experiments are, therefore, fully 
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in keeping with the theoiy At the isoelectnc point the 0 4 per cent of 
gelatin cation must, of course, be balanced against an equivalent 
^amount of gelatin anion ® 

Ammoacetic acid furnishes an example of a molecule that can have 
one group acting as anion and another as cation simultaneously, the 
positive charge at one end of the molecule bemg balanced bv the 
negative charge at the othef Chromium ion will enter into stable 
combination with collagen even at values as low as 2 5, which is 
well over on the acid side of the isoelectric pomt The amoimt of 
coUagen anion existing at = 25 must be extremely small, although 
not so small as that yielded by chromium collagenate The rate of 
combination of chromium and collagen decreases with decreasing pK 
value, as we should expect because of the decreasing propoition of 
collagen anion 

In his earlier experiments, Loeb gained much valuable mfonnation 
regarding tlie chemical properties of the proteins by ti eating them hist 
with an electiolyie of de&nte concentration and then washing away 
the material not combined with the protein Although this procedure 
is open to the criticism that the washing distmbs the equilibrium 
and therefore does not give absolutely accurate results, it has nevei- 
theless given much valuable mfoimation over a limited laiige of pR 
values on either side of the isoelectnc point By this method he found 
that the amount of ion combined with the piotein is proportional to 
the osmotic pressure, viscosity and swelling of gelatin, and that twice 
as many imnalent as bivalent ions combine with the same weight of 
gelalin at the same value He was thus enabled to show that 
the combination of gelatin and electrolytes follows stoichiometncal 
laws At very high or veiy low values, when the excess of electio- 
lyte IS not washed away, it causes a decrease in osmotic pressuie, 
viscosity and swelling, but with no reduction in the amount of ion 
combmed with the gelatin 

A most important development of Loeb’s work was the establish- 
ment by experimental proof of the view long mamtamed by Procter 
that Donnan's work on membrane potentials applies quantitatively 
to gelatm-electrolyte equilibria The formula for this as given by 
Procter and Wilson is 


E = -p log - - ^ log 




where E is the difference of potential between the external solution and 
the jelly phase, v the concentration of electrolyte in the external 
solution, y its concentration in the jelly, and z the concentration of 
gelatm ion They pointed out that E must increase to a maximum and 
then decrease appi caching zero as x increases without limit 

“ WTiile the combination with acidh oi bases at the isoelectnc point in dilute 
solutions IS smad or ml, it seems probable that in more concentrated solutions 
oi neutral salts, the gelatin may combine in appreciable quantity with both tlie 
anion and tlie cation of the salt Iboctei (Koll Bnhefte, 1911, 2, 270) observed 
that neutral gelatin jolly absorbed a considerable quantity ol sodium clilonde 
positicely, though as soon as acid was presmt and gelatin clilonde formed the 
absorption immediately beoame negative 



It will be evident fioni the published woik of Procter and Wilson 
that, regardless of the number of kmds of lonogens present in the 
system, the ratio of concentration in the jelly phase to concentratiojj 
in the external solution must have the same value for all ions of one 
sign and the reciprocal of this value for all ions of the opposite sign 
The potential difference caused by the unequal distnbution of any one 
ion between the two phases is the same as that caused by the unequal 
distribution of all others By measuring the value of both the 
jelly and the solution, Loeb was thus enabled to calculate the potential 
difference, smce 

T> , [H^ ] aoln BT „ „ . 

B pT log ( ^HjpUy J^Hsoln ) 

His next step was to determme this value experimentally, which 
he did both foi blocks of jelly immersed m their equihbnum solutions 
and for solutions of gelatin separated from their equihbnum solutions 
by means of collodion membranes The general procedure was to 
take two calomel electrodes of equal value, dip the tube end of one 
in the solution and imbed the end of the other in the jelly, while jelly 
and solution were in contact and at equilibrium, and then to measure 
the voltage of this system by means of a Compton electrometer 
An example of the remarkable agreement obtamed for the effect of 
sodium nitrate m depressmg the potential difference is given m the 
following table — 

Tabie I 


Conccntiation of 

(Millivolts) 
Potential Difference 

Sodium Nitrate 

Calculated Observed 

0 

31 2 

31 

M/4096 

28 3 

28 

M/2048 

24 0 

24 

M/1024 

20 7 

22 

M/512 

16 0 

16 

M/256 

11 2 

12 

M/128 

7 0 

7 

M/64 

4 1 

4 

M/32 

0 6 

0 


(Original inside solution, 1 per cent originally isoelectric gelatin 
dissolved m various concentrations of NaNOg made up mth HCl to 
= 35 Outside solutions, same concentrations of NaNOg aU 
made with HCl to ^H = 30 pR values deteimmed aftei 18 horns ) 
The Procter-Wilson theorj?- of vegetable taniung puts these membrane 
potentials to practical use by pomtmg out that the apparent astimgency 
of a tan liquor is measured by the sum of two potential differences, 
that existing between the jeHy phase of the collagen fibres and the 
tan liquor and that existing between the tan liquor and the tlun film 
of solution sunounding each tannm particle, Thomas and Foster 
have smce actually demonstrated that those tannmg extracts which are 
most astimgent under fixed conditions have the gieatest potential 
difference beti'ieen the solution and the surface film of the particles, 
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Because of its insolubility, coUagen does not lend itself so readily 
to expel iment as gelatin, but expenments on the latter often furnish 
information concerning coUagen by analogy Takmg the combining 
•weight of gelatm as 768, Wdson suggested that this differs from the 
combmmg weight of collagen by the weight of one molecule of water, 
making the latter 750 He calculated fiom this that the mmimum 
amount of chromic oxide required to produce chromium coUagenate, 
or chrome leather, is 3 38 giams per 100 grams of coUagen In 
studymg the effect of concentration of a chrome liquor upon absorption 
by hide substances, Baldwm obtamed a maximilm fixation of 13 4 
grams of chromic oxide per 100 grams of hide protein and referred to 
this as tetrachrome coUagen, smee it was almost exactly four times the 
minimum value calculated by WUson Later Thomas and KeUy 
confirmed Baldwm’s work and then extended it to a study of the 
results of 9 months’ contact of hide protein and chrome liquor "They 
then obtamed a maximum fixation of 26 6 grams of chromic oxide per 
100 grams of hide protem, just eight times the calculated mmimum, 
and this they caUed octachrome collagen Moieover, m the curve 
plotted for the amount of chromic oxide fixed as a function of the 
concentration of the hquor, they found a pomt of inflection exactly at 
the pomt correspondmg to tetiachrome coUagen 

Uncertamty as to the exact composition of the tannins makes similar 
calculations m the field of vegetable taimmg much more highly 
speculative Takmg one-fifth of the molecular weight of penta- 
digaUoyl glucose as its eqmvalent weight, VVUson calculated 45 3 grams 
of tannin as the mmimum required to form coUagen tannate In 
tanning calf skms on a large scale, this actuaUy proved to be very close 
to the minimum proportion of fixed tannin to hide protein requued for 
the leather to pass as completely tanned, while just double this pro- 
portion appeared to be the maximum possible under the conditions of 
the tan yard This work has not yet been accurately corroborated 
by laboratory experiments 
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2 European Work 

The oquilibnuiTL of gelatin and collagen with acids and alkalies 
has continued to receive attention Peihaps the most important paper 
recently pubhshed is one by Miss D L Lloyd ^ (This papei has been 
reprinted in full, with a criticism by the Editor, in the Jour Soc Lea 
Trades Chemists, IV, No 7, 1920 and a few copies can be obtained 
from the Associate Editor, Leeds University, price 2s) Miss Lloyd 
experimented with discs of Coignet’s “ Gold Label " gelatin, containing 
20 per cent of moisture and 1 0 per cent of ash, which were exposed to 
the solutions in Gooch crucibles, in which they were subsequently 
weighed after rapidly wipmg with filter paper The acidity of 
the solutions was ascertamed, both before and after the expenment 
by electrometric measuiement, and the swelling was in a thermostat 
at 20° C , a few drops of toluene being added to prevent bacterial 
action, 150 c c of solution were usually employed, and this m some 
cases proved msufficient to keep the ^H above or below the isoelectric 
point when equilibrium was established Time-curves were obtamed, 
extending in some cases to 1 1 days which tended to become horizontal 
up to about 5 days, but with solutions of HCl of 0 05N and upwards, 
increased swelling then occurred, leadmg ultimately to solution 
A similar result ocemTed with NaOH solutions of 0 005N and over, and 
with concentrations exceedmg this hydrolysis was obvious almost 
from the commencement In acid solutions a maximum sweUmg 
occurred at about = 2 4, dropping to a minimum at the isoelectric 
pomt, and rising more gradually on the alkalme Side to a maximum 
about = 118 with a subsequent drop and second nse before complete 
hydrolysis This drop and second rise has been shown by Porter to 
be due partly to progressive hydrolysis, and partly to the repressive 
effect of the mcreasmg OH concentration 

TJui d found no evidence of molecular breakdown m solutions 
culm m 11(1 or m NaOH if these were exammed immediately on 
solution, but while the gelatin could be recovered, apparently un- 
altered, by neutnli=''tion and precipitation with alcohol or ammomum 
sulphate, tbai tioin and oiation was stdl capable of gelatmisation, 
while the alkaline retused to gelatinise, and must have suffered some 
molecular change 



Miss Lloyd makes some mterestmg remarks on Paul von Schroedei’s 
observation that the maximum swellmg of gelatin differs in water 
and water-vapour, and pomts out that though this is piobably not 
true of isoelectric gelatm, contraction must occur where the jelly, 
has been m Donnan equilibrium witli an acid or alkalme solution, 
when by removal into vapour the osmotic pressure of the external 
solution IS lessened or removed Procter and Wilson have shown that 
for a gelatm jelly to be m thermodynamic eqmhbrium with an external 
acid solution it must have an excess of osmotic pressure over the lattei 
which they have denoted by e, and which must be balanced by the 
internal attractions of the jelly which Miss Lloyd has described as its 
" lecoil ” When the external solution is removed, this pressure & is 
no longer balanced, and a portion of the internal acid liquor is forced 
out, which IS more dilute than the onginal external acid, and with which 
the jelly ultimately comes mto equilibrium This pressure z is 
apparently duectly propoitional to the swellmg, which therefore 
obeys Cooke’s law that the elastic stress is proportionate to the strain, 
and therefore to the increased volume This law is the same as would 
result from surface energy if the internal surface were proportionate to 
the volume, and, like the surface tension, is no doubt connected directly 
with the mternal pressure of the jelly 

Miss Lloyd's paper must be characterised as a most useful piece 
of experimental work, thongh her theoretical conclusions are not m all 
respects confirmed by present knowledge W R Atkm^ shows that 
her measurements agree very closely with those of Procter, Pioctei and 
Wilson, and Loeb, and with those which can be deduced from the 
equations of the Procter-Wdson theory 

A further paper by W R Atkm^ desenbes more recent work of 
Loeb’s on acid treatment of powdeied gelatm, and its effects on swelling, 
viscosity and osmotic pressure , and points out their concordance 
with those of Procter and his collaborators, and with the Procter- 
Wilson theory of sweUing The actual hydrion concentiation is shown 
to be the factor determmmg swelling, irrespective of the nature of the 
acid, and its place m the so-called " lyotrope series " The volume of 
swelling IS practically the same with aU monobasic acids, and with the 
weaker dibasic, where the ionisation of the second displaceable H is 
so small as to be negligible , but with sulphunc, and piobably with 
other " strong ” dibasic acids, the maximum swellmg, though it 
occurs at the same;^H (2 4 for the mteinal acid, corresponding to about 
3 0 of the externM), is only to about half the volume of that with 
monobasic acids, since the osmotic pressure of gelatm sulphate is 
only half that of gelatm chloride Loeb has shown that the same 
consideration applies to the gelatmates, the compounds with diacid 
bases, such as lime and baiyta, havmg only half the osmotic pressure, 
and swellmg to only half the volume of the monacid ones such as potash 
and soda 

In anotliei paper on the " Chemistry of Lime Liquois," W R 
Atlon* has dealt with the alkalme swellmg of hide (collagen) in more 
detail, showing the practical effects of monovalent and divalent bases, 
swelling m lime liquors being mcreased by the former, even m the 
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form of neutral salts , and the smoothness of gram ohtamed in lime 
liquors strengthened by arsenic sulphide bemg simply due to the 
absence of sodium salts Alkaline sweUing is shown to be exactly 
analogous to acid swelling, and an effect similar to “ pickling ” can 
be produced by large excess of the alkaline salt 

Reference must be made heic to some work of Loeb s® on viscosity, 
which has not been specifically made by Wilson, though the papers 
are mentioned m his bibliography He gives conclusive reasons for 
believing that the high viscosity of pioteid solutions is not due to the 
hydration of their individual ions or molecules, but to the presence of 
particles of proteid ]eUy which absorb hquid in accordance with the 
Donnan equilibrium, and that the viscosity mcreases with their size 
m approximate concordance with the Emstem formula vj = -qj (1+2 5p) 
where -qp the viscosity of the pure solvent at the temperature of 
experiment, vj the viscosity of the solution, and p the fraction of 
its volume occupied by the solute In confirmation of this view 
he determined the viscosity of suspensions of finely powdered gelatin 
in solutions of var 3 nng P'S., and found it materially greater than that 
of actual solutions of gelatin of the same concentration, and m accord- 
ance with the known volume of the particles of the swollen gelatin 
as affected by the Donnan equihbrium The connection between 
the sweUmg and the increase of viscosity is therefore a clear one 
With lowered temperature, and with increase of tune after actual 
solution, the size and number of these particles mcreases, and with 
these the viscosity Loeb appears to thmk this explanation sufficient 
to account for the observed viscosities, but his experiments weie 
made with relatively concentrated solutions and at temperatures above 
or near the settmg point, and reasons have been given for behevmg 
that even with solutions so dilute as to remam liquid, below this 
temperature, a viscosity of structure also occurs 

Much work has been devoted to elucidation of the ultimate structure 
of jellies in general, and especially of gelatin jelly , and some of the 
views held, which are apparently opposed, are probably not so m 
reality Since it has been shown by Hatschek® that the emulsion 
theory of two hquid phases with interfacial tension is incapable of 
mathematically explammg the elasticity and other observed properties 
of jellies, it has been largely abandoned in England, though it is stiU 
held by some Geiman chemists, and especi^y by the Ostwalds , 
and the view seeems to be gaimng ground that the sohdification of 
a jelly is a process allied to cryst^hsation, and that its ultimate 
structure is that of a network of crystallme fibrils of little moie than 
molecular dimensions, separated by liquid This view is not m any 
way opposed to that advocated by Procter and Wilson, who only 
claim that a jelly is homogeneous m the sense that all its parts are 
withm the sphere of molecular forces, and can be treated as a smgle 
phase m eqiuhbnum with an external solution This does not at 
all preclude the idea of a further equilibrium, within the phase, between 
XT-- - . - , 11 --J pquyj poition It has been pointed out by 

r ' , , expulsion of liquids from jelhes does not involve 

the existence of two phases in the sense of the phase-rule, but is a 



necessaiy consequence of the oidmary laws of osmotic equilibrium, 
and only implies the mechanical separation of two phases in the 
same sense as the mechanical separation of salts fiom their solutions 
by powerful centiifngation Bradford, BaiTatt, McBain and many 
others only seem to differ in their ideas as to the piecise form 
crystallisation, and they are supported m their view of crystalline 
sti ucture by many ot the most eminent Continental authorities, such 
as von Weimam, Zsigmondy, and others It is well known that many 
definitely crystalline substances, such as benzopurpurme, chrysophemne 
and cholic acid, set fiom concentrated aqueous solutions into sub- 
stances with all the propeities of jellies, though the crystals ultimately 
grow to visible size W Harrison® mentions that crystals of chohe 
acid precipitated with iodine, though sometimes ngid, may be so 
tenuous as to be quite flexible, and may be twisted into spirals by 
the bombardment of liquid molecules Camphorylphenylthio- 
semirarbazide prepared by M 0 Forster® forms stiff jellies at con- 
centrations so low as 0 33 per cent McBain has shown that soap 
curds consist invariably of fine fibres, which in the case of sodium 
soaps may be many centimetres long, but never greater m diameter 
than 1 ( 1 ,^® The actual jelhes are very transparent, and their structure 
does not seem to have been deteimmed, but presumably it is still 
more minute 

Some mterestmg observations on the growth of collagen fibres m 
healing wounds have been made by W von Gaza, a German army 
doctor He points out that the connective tissues are very peimancnt, 
and consequently m the adult sparingly provided with formative 
cells, which do not forni part of the fibres, but exist between them , 
though m embryonic development the cells are much more abundant 
The connective tissue fibrils are only formed by these cells, and are at 
first very sl&der, though whether the fibril, once formed, can grow 
m thickness at the expense of the surroundmg paraplastic matter 
the author leaves undecided In q wound, the connective tissue 
becomes swollen, softened and dissolved, though no appreciable 
quantity of gelatm appears to be produced, and the author is of opinion 
that a colloidal, rather than a chemical change takes place, while 
this soitening is necessary to allow of the welding together of the 
broken tissues At the same time a gieat increase in the number and 
activity of the connective tissue cells takes place, and they rapidly 
divide and increase as in the embryo The tissue when first foinied 
is exceedingly soft and tender, but afterwards contracts and hardens, 
though for three weeks it can beat veiy little mechanical stress 

The double refractive effects ficqueiitly sliown by connective 
tissue (collagen) fibres under polarised light suggest crystallme 
structure, but are probably merely due to mechanical strains Such 
effects are also shown by gelatm under stress, either mechanical oi 
produced by unequal drymg, and Hatschek^® has shown that these 
strams persist after the stress is removed, while Harrison has observed 
similar phenomena with other colloid fibres It has, howevei, been 
showm by H Ambionni® that if fine rods, parallel to each other, are 
embedded in some medium of different refraction so as to form a 
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grating, ttie system behaves like a uniaxial positive ciystal In 
'a medium of smulai lefractuc index this effect disappcais, while tiue 
double lefraction persists Cellulose hhres produce such ettects, 
together with a strong double refi action which does not disappear 
ui’media of the same index, but is leveised in sign on nitration, and 
returns to its original fomi on denitration, clearly indicating its chemical 
natuie 

As regards the form of ciystalhsation which causes gelatinisation, 
there is considerable difference of opmion, and as the crystals are, 
at least in their beginning, amicroscopic, it is impossible directly to 
observe their form, hut probabihty seems to point to their bemg 
molecular chains It may be remarked that most observations have 
been made on neutral or isoelectric gelatin, which from its extreme 
msolubihty m water is perhaps most easily obtained m solid form, 
but as acid gelatin sets to stiff jeUies, and the compoimds are evidently 
definite salts, it seems desirable that efforts should he made to crys- 
tallise them 

Bradford!^ experimenting on neutral gelatm, found that a 0 4 per 
cent solution sterilised and sealed m clean test-tubes, became opalescent 
after three weeks, and the opalescence settled down m the tubes at 
a rate corresponding to an average diameter of 0 Ip Six weeks 
later, the appeal ance was that of mnumerable grains ]ust too small 
tg be distinguished, but a fair number of larger grams were visible, 
up to 0 6p m diameter Some of the spherical grams m these expen- 
ments appeared to dipolarisc light Von Weimani’s formula shows 
that by working at a higher tempeiature, larger grains should he 
produced, and by working at 31° C and 40° C this was found to 
be the case, and on cooling well-developed spherites, up to Ip m 
diameter were obtained, some gf w'liich showed a glowing central 
pomt with crossed nicols In course of time the gels tended to contiact 
and shrmk away fiom the sides of the tubes Bradford apparently 
views jellies as crystallme structures, containing supersaturated 
solution 

Baixatti® takes a -veiy similar view to Bradford, and inclines to 
the idea of fibrillar crystals, generally in tension (and consequently 
stiaight) He points out that in ’ ’ le fiist fibrillar 

structure which can be showm to ^ and therefore 

invisible, but that the fibrils grow by increasing in thickness This 
hypothesis not only affords a plausible explanation of the observed 
properties of jellies, hut also accounts for then behaviour m ultra- 
filtiation 

Hatscheki’ remarks tliat McBam is no doubt right in differentiating 
sharply between curds and gels, but that no state similar to the soap- 
curds exists m gelatin jellies If, however, alcohol is added to a 
neutral gelatm solution, or salt to an acid one, the liquid first becomes 
turbid, then separates mto flocks, and finally to masses of more or 
less dehydrated jeUy, winch rapidly agglutinate It is possiblfe that 
no difference m prmciple exists between the soap-curds and these 
gels, except that the former, from the conditions of the solution, 
jiarts moie completely with its surrounding liqmd, and shows greater 



tendency to agglutination The lattei property must be largelyj| 
dependent oil the inteifacial tension between the colloidal particlesSS 
and the surrounding solution, and as the surface-chaige of the latterf 
is diminished by the addition of alcohol or salt, the interfaeial tension! 
must corresponding increase It is highly probable that the plienome'hat 
of “ salting out ” aie due to the fact that while in concentrated salt 
solutions, the Donnan potential becomes practically zero, the surface- 
tension correspondmgly increases, and causes agglutination ^ 

It is certain that jelly-structure exists m gelatm solutions below; 
the setting temperatiiic, even when too dilute to show any visiblen 
signs of gelatinisation This is shown, not only by the rapid increase* 
of viscosity near the setting point on cooling, but by the fact thatl 
a constantly increasing portion of this viscosity is due to a structurei 
which can be mechanically broken, and which shows elasticity It| 
IS well known that such solutions, when treated in the ordmaryi 
capillary viscosimeters show a diminution of viscosity on bemg passed 
through a second time, and that their viscosity is materially dimmished | 
by violent shaking 'W'hen On the other hand elasticity is measured I 
by the torsion required to twist an immersed cylinder, it is foundl 
that up to a certain degree of movement the cylmder will return to| 
or towards its origmal position on the stress being relaxed, an action ‘ 
which IS not observed in hcjuids which owe their viscosity merely to* 
internal friction The Kundt phenomenon of dipolarisation observed^^ 
in such hquids when submitted to rotational stresses {vide supra) it 
also evidence of structure On this view, Arisz’s obseivation ( : 
increased viscosity and Tyndall effect on cooling become comprehensib { 
since whde jellies ip equilibrium with an external solution are optically 
and mechanically homogeneous, their diluted solutions probably 
consist of colloid particles in equdibiium with the surrounding solution, 
which increase m size and become more concentrated as their internal . 
cohesion increases by cooling At and over 70° C gelatin solutions 
are probably approximately molecular, but below this become 
increasingly colloidal There is good reason to beheve that the same ^ 
equilibrium as in massive jellies exists between the gclatm-particles j 
and their surrounding liquid phase On coolmg, even dilute solutions | 
set to a coherent jelly, but there seems some evidence of then tendency j 
to contract and separate liquid till the concentiation of the jelly j 
becomes such as is lequircd for equilibrium with its external | 
solution 

Much speculation has been indulged in, both in England and on 
the Continent as to the cause of the Liesegang effect, and some 
mteresting experiments have been made with other salts than silvei 
nitrate and potassium dichiomate In its onginal and simplest 
form the experiment consisted in placmg a minute crystal of r|ichromate 
on a wet gelatin film contammg a little silver nitrate, when the diffusing 
chromic acid produced a senes of successive rings of silver chromate 
m the gelatm, becommg closer and fainter as them diameter increased 
A similar phenomenon is the production of successive layers when 
dichromate solution is allowed to diffuse downwards m a tube of 
gelatm jelly contammg a soluble silver salt It has been shown that 



27 


j^uch effects may be produced by many (if not by any) paars of salts 
vbich give together an insoluble precipitate Hairisoni® by d iffpsin g 
tjjopper sulphate into a gelatin jelly containing barium ferrocyanide, 
obtained alternate imgs of copper ferrocyamde and barium sulphate , 
ind with silver sulphate and barium chloride, alternate rmgs of silver 
chloride and barium sulphate Neither gelatin nor any other colloid 
seems essential to the production of these effects, and colloids probably 
let only in slowing diffusion, and preventing convection currents 
J Traube®® obtained similar effects by allowing ferric salts to diffuse 
nto plaster of Pans conlammg fenocyanide, and many years ago 
igate-like structures were obtained by lanson by aUowmg metallic 
salts to diffuse into water-glass , the writei believes his results were 
pubhshed m th^ Transactions of the now long extinct Newcastle 
Chemical Society 

Similar results w^ie obtained by H N Holmes,®^ who mentions 
that Chapm obtained feand-effects m a glass tube 1 m long, mto which 
‘HCl and NH3 gases were allowed to diffcse from opposite ends Most 
of these results can be qmte simply explamed by the ordinary laws 
of diffusion If we imagme a dichromate solution diffusing mto a 
jelly containing silver nitrate, a rmg of precipitated silver chromate 
will be formed which wiU be practically devoid of either silver or 
chromic 10ns, and these will naturally diffuse into it from both sides 
continuing to be precipitated as silvei chromate, until an outer zone 
5 formed devoid of silver 10ns, mto which further diffusing chromic 
i<)ns can produce no precipitate till they reach a region where silver 
.ins stiU exist, when the process will repeat itself Harrison’s 
f observation of alternate rmgs of silver chloride and barium sulphate 
IS less easy of explanation, but may perhaps depend on differences 
in the rate of diffusion of the different pans of 10ns 

W Moeller®® has several long papers on the rhythmical diffusion 
of hydrochlonc acid in salted jellies He found that if a minute drop 
' of concentrated hydrochloric acid were placed on a film of salted 
gelatin, a seiies of rings similar to those of Liesegang were produced, 
and he endeavoius to prove that these are dependent on a pre-existmg 
system of spiral fibrils in the jelly , a theory for which there seems no 
* other evidence 

Allusion must be made to the important work of Anderson®® and 
contmued by Bachmann®* on the fine structure of jellies Anderson 
found that the watei in sihea jellies could be substituted by alcohol 
or benzol, and found that by applymg the known formula 
2T So 0 4343 
’'“D Po logpi/po 

, where 'r — -adius of capillaries, T = surface tension of liquid. So = 
density of saturated vapour of hquid under ordmary conditions, 
po = ordinary vapom -pressure of hqmd, and that of the liquid 
imbibed, and D its density, the same value for r (about 5ji,(j,) was found 
in each case Bachmami found that though aqueous gelatm jelhes 
g are contracted by strong alcohol, and will not absorb it, it was possible 
^ by graduaUj/ mcreasmg the alcoholic strength, to substitute alcohol 



toi watei without contiaction o£ more than 5Cf per cent of its aqueoi| 
volume, and then in a similar way, to substitute benzol for alcohol 
The jellies became hardened, and were no longer elastic, but stij 
remained tough and tiansparent Graphs aie given for the somew'lml 
complicated curves of vapoiii pressure, foi which the original papet 
must be consulted, but which bear a general resemblance to thos^ 
of van Bcmmelen for sihea jellies, generally showing a diffeient curv^ 
of ic-satiiration with vapour to tliat of drying. The 30 pei cent 
jelly at the zcio-point gave an appioximate capillary radius of about 
fipu, thus nearly agieeing with that found by Anderson for silica, 
jellies The aiithoi concludes ~ , 

1 That the capillary measurements arc unu lenccd by the 

nature of the liquid 

2 rivit they are also largely independent ot he mateiial of 

the go] t 

3 That the pores are of a much finer charactci than Bu schli 

imagined, since his gross microscop ( pores could have 

no appieciable effect on vapoui -pressure 

While the papei is a very interesting one, and deserves careful 
study, it does not at all conclusively prove that the stiucture of ically 
elastic jellies is of the same character as that of gels either naturally 
rigid, or made so artificially bv hardenfeg agents such as alcohol, 
and which have lost the power of swelling and contraction which is^ 
so characteristic of the natuial jellies The foimula is only applicable 
to rigid gels, and while it is interesting that the numeiici results 
with the aqueous jelly aie so similar, it is perhaps not surprising, 
since the dimensions of the pores arc almost moleculai, and well 
within the range of molecular atti actions 

C ollagen — ^There has been but little direct work on collagen, and 
it is not easy to sec in what direction progress can be made, since 
there is no known means of bringing it into solution without altenng 
its constitution, and the impossibility of obtaining it as a homogeneous 
mass makes physical expeiiment very difficult 

Apart from the determmations of iso-electric point and minimum 
swelling which have been aheady refeircd to (p 14), and which do 
not seem to ditfei materially from those of gelatin, perhaps the most 
important work is that of V Knbclka,^® who made a long scrifes of 
very caieful experiments on the absorption of hydrochloiic acid by 
hide-powder, using both an old and a newer sample of unehromed 
Freiberg hide-powder, which gave identical results within the limits 
of experimental crioi About 5 gms of powder and 100 c c of 
diluted acid were used for each experiment (though the volume of 
acid IS not definitely stated) , and the powder was shaken for one liour 
with the acid, as it was found that practical equilibrium was obtained 
in fiv^c minutes, and no fuithei absorption took place in six hours 
X/wi was calculated by siibtrarlmg the acid found mice of the 
equilibrium-acid fiom that of the oiigmal coneontiation, multiplying 
by 100, and dividing liy the weight of the Inde-powdei used * Thi' 
titration being made with NaOH, using methyl-orange as an indicator 
With an original concentration y = 9 1284, X/m =■ 0 635, and it 
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COLLOI PHENOMENA IN BACTERIOLOGY 
By Frig K Ride4L, M A , D Sc , F I C 
{Cambridge University ) 

Received 11th May, 1922 
The influence of the coUoidal natuie of micro-oiganisms on the 
processes of bacteiial culture and in the operations of growth inhibition 
and of sterilisation is generally masked by the presence of factors 
which affect that delicate balance within the cell which is necessary 
for the operation of vital processes These have been detailed by 
Bayliss in the second report (pp 117-154) 

Baclena as colloidal systems — However diverse the action of 
growth stimulants, or however complicated the mechanism by which 
death is caused m the micro-organism, nevertheless m many cases, 
at least in the prehminary stages, the bacteria may be regarded as 
simple colloidal systems 

The majority of the bacteria e\hibit Brownian movement, possess 
an average diameter of 1 to 1 5p., and a semi-permeable envelope 
of complex constitution, in which chitin, celluloses and fats may 
frequently be identified Within the envelope are contained salts 
such as sodium chloride, lipoids, polypeptides, carbohydiates and 
enzymes Microscopically they are to be legaided as suspensoid 
systems, but owmg to the fact that the membiane is semi-permeable 
in many respects the micro-organisms resemble cmulsoids rathei than 
suspensoids In watei, saline solution, and m many dilute nutrient 
media they acquue a negative charge and exhibit the phenomenon 
of electric cataphoresis They aie only feebly precipitated by cations, 
"'■and m accordance with the Hardy-Picton law the trivalent cations 
such as iron and aluminium aie more efiective than the di or monovalent 
ions, the latter indeed with the exception of hydrion in stiong acid 
concentrations and the ions of the heavy metals exertmg scarcely 
any precipitating effect Also, as in the case of the emulsoids, pro- 
tective colloids such as ismglass and gelatine exert but little protection 
(Bj34-254)z B 2 



against coagulation, although media rich in peptone have a distmct 
ctfect on the stability of the system ^ 

Bacteiiological research does not in general extend to those regions 
of instability brought about by heat coagulation, but interesc is conhned 
chiefly to the conditions of optimum growth or the effect of anti® 
septics and germicides on the growth rate Changes in the growth rate 
offer a much more sensitive ciiterionof environmental condifions than 
one can hope to attain by the relatively crude method of precipitation 
Baiienal groiPlh — study of the conditions of growth and of 
germicidal action has revealed the necessity of contiol of certain factors, 
due in part to the colloidal nature of the organisms In the pie- 
paration of nutrient media it is found necessary to maintain the Ph 
within certain limits lor the particular species This is, in all prob- 
ability. to be ascribed to the existence of some paiticular enzvme m 
the organism which possesses an optimum catalytic actmtv m the 
assimilative piocess within that range rather to its effect on the 
stability or the osmotic pressure within the organism, since very 
much higher acid concentrations than the nutrient broth lange ot 
Ph 8 to 6 are necessary completely to inhibit growth oi to effect a 
noticeable germicidal action Auto-destruction by acid production 
during growth can be prevented by the utilisation of suitable bulfei 
salts which exert but little inhibiting influence such as disodium 
hydrogen phosphate, sodium pyrophosphate*, ormixtiues of phosphoric 
and aspartic acids * In spite of the presence ot the necessaiy food 
materials and contiol of the Ph auto-intoxication frequently occiiis 
and evidently some product of bacteiial giowth exerts an mfluenci' 
on the giowth late The organisms cease growing On removal of 
the organisms by centiifuge the broth is still capable of providing the^ 
materials and conditions of giowth tor a new cultme whilst the old 
cultuie will continue to grow m a new broth Quantitative data are 
lacking as to the growth rate under these conditions but a qualitative 
interpretation of the facts may be given in terms of the fundamental 
property of colloidal systems, viz , the existence of an extended 
adsorbing surface 

For a long period the bacterial emulsion was considered to be m 
actuality a simple two-phase system, the medium and the cell contents 

Any substance dissolved in the medium will if soluble distiibute 
itself between these two phases , if m the same moleculai state in 
each phase the distribution ratio will be K = where is the 

solubility in one phase, Cj in the othei, and will remain constant over a 
relatively wide range of concentration Thus Oveiton and Meyei”' 
in then studies on narcosis laid special emphasis on the partition 
coefficient K = solubility in lipoid /solubility in watii A high value 
for this coefficient would ensure a high concentration within the hpoid 
constituent of the cell lelativc to the envnonmeiit Numerous 
investigations, such as those of Gossl® and Her/og and Bet/el® have 
traced a very close connnection between antiseptic or disinfecting 
powei and lipoid solubility Nevertheless, substances like the saturated 
paraffins possess scarcely any bactericidal activity although their 
hpoid /water partition coefficient is extremely high ' 



Surface adsorption — ^The more recent developments in the study 
of colloidal systems ha\e emphasised the important mfluence ot the 
interfacial surface on coUoidal reactions With bacteria presentmg 
the extended surface of colloidal s5^tems adsorption at the mterface is 
*a factor even more important than the lipoid water partition coefficient 
If any substance added to the medium lowers the interfacial surface 
tension then the surface concentration m accordance with the Gibbs’s 
equation will be greater than the bulk concentration The relationship 
between the surface and bulk concentration may be expressed in the 
form 

P ^ ^ 

” RT dC 

wheie r IS the surface concentration less the bulk concentration, i e 
the excess, C the bulk concentration, and y the suiface tension, R the 
gas constant, T the absolute temperature It is evident that if the 
added solute has a great effect on the surface tension the surface 
concentrations may be quite high In some cases, e g , peptone and 
fuchsme, the surface concentrations for relatively dilute bulk con- 
centiations may actually rise to values where precipitation of solid 
films takes place In the case of bactferia in a nutrient medium the 
surface concentration which is the concentiation aftecting the bac- 
terium, may be much higher than the bulk concentration m the 
medium If during the growth ot the organism substances are formed 
which tend to lower the interfacial suiface tension m a marked manner, 
then, in accordance with the general theorem of mobile equilibrium 
of Le Chatelier, if the chemical piocesses involve the possible formation 
of such substances there wiU be a tendency for their production, and 
these substances will be adsorbed on the surface of the bacterium 
and affect the growth rate As the bulk concentration increases so 
does the sm-face concentiation until the bacteria are no longer capable 
of growing If the quiescent bacteria are now removed by centrifuging 
they cany with them the adsorbed materials On seeding a new 
culture mto the old medium clarified by centiifugmg, growth can 
take place smce the bulk concentration of the inimical materials left 
in solution is small and is readily reduced by the addition of the new 
bacteria Nevertheless the quantity of mimical substances to be 
produced before the new growth is paralysed is less than before and 
one would not expect the new culture to attain quite such a mature 
condition as the old Again if the old culture with its adsorbed 
materials be placed m a fresh medium the inimical substances wiU 
be partly desorbed until the Gibbs's equation conditions are re-estab- 
lished and growdh will again ensue until the origmal inhibiting surface 
concentration be reached 

Smce no direct method is as yet available for the actual deter- 
mmation of the interfacial surface tension between bacterium and the 
medium we have to rely upon indirect evidence for support of the 
h3q50thesis That an adsorption does actuaUjr take place at anj- rate 
under certain specified conditions is evident from the work of Kuster 
and Bojakowskj.’ who showed that the partition of phenol between 
(B 34-254)z B 3 



water and antlirax spores followed the general cmpync adsorption 

isotherm of Fretrndlich ^ = ac" W'here x is the amount adsorbed per 
gram of material, c the bulk concentratioji, a and n constants. 
Although it IS not possible to measure the bacterium /medium mterfacia^, 
tension yet the measurement of the medium/aii interfacial tension is 
a comparatively simple operation If the assumption be made that 
most substances which affect the hquid/air interface will affect the 
membrane liquid interface in a similar manner, an assumption for 
which there is much evidence from chemical data, but which is by 
no means universally true , then it follows that many substances which 
depress the liqmd/air interface will be strongly adsorbed by the micro- 
organisms and affect either favourably or unfavourably their growth 
rate This relationship between the lowering of the surface tension 
and germicidal activity is well exemplified in the somewhat insoluble 
hydroxyl derivatives 

In order of decreasing molar geimicidal activities we find thymol, 
camphor, menthol, the cresols, and lastly phenol These substances 
all depress the surface tension of water, thymol exhibiting a very 
marked effect, phenol being the least effective, the others lymg m 
between these two in the above order Amongst the polyhydxic 
benzene substitution products' we again find this correlation between 
the surface tension depressant action and germicidal activity for, both 
these properties we hnd phenol > resorcin hydroqumone > phloro- 
glucm > pyiogallol 

A remarkable coi relation is likewise found m the mtrophenols 
and nitrobenzaldehydes In the former the -substituted products, 
m the lattei the o-substituted products exert the greater molar germi- 
cidal activity , their action on the surface tension of watei lies m this 
order Brown and Tinker® found a direct relationship between the 
adsorption of phenol by barley seeds and the surface tension More 
recently® it has been shown that the germicidal activity of phenol is 
raised bv the addition of sodium chlondc to the solution This 
elevation is accompanied by an increase in the fugacity of the phenol 
as measuied by partition methods (c / G N Lewus^®) Smee sodium 
chloride elevates the suiface tension of w'atcr its surface concentration 
must be less than its bulk concentration, the surface concentration 
of phenol must consequently inciease on the addition of salt The 
germicidal activity of acids m the presence of neutral salts may be 
interpreted in a similar manner®^ The inhibiting mateiials produced 
during bacterial growth may be soaps, fatty acids and higher aliphatic 
alcohols Minute quantities of these materials affect the growth rate 
to a remarkable degree Thus 0 02 per cent of octyl alcohoff^ 
practically inhibits the growtli of yeast (See aho Toller and Clark 
and J H WrighF®) In many micro-organisms especially m the yeasts 
growth IS accompanied by fat formation which can undergo gradual 
hydrolysis or saponification m alkaline media The vanabihty in 
" lemco broth is generally asciibed to the presence of small traces of 
soaps formed dnnng the process of manufactuie The hydrocarbons 
possessing a high hpoid/water partition coefficient possess no germicidal 
activity, whilst the amount of chemical action between the hydrocarbon 



and water as estimated by the magnitude of the independent and 
interfacial surface tensions is likewise inconsiderable 

Attempts have been made by Larson, Cantwell and Hartzell^* 
^nd others to determine the influence of the suiface tension of the 
culture medium on the giowth of bacteria and to grade nutrient broth 
and peptone waters by such methods Expeiiments in which the 
drop weight method is employed for such determinations are of but 
little value unless the rate of chopping is sufficiently slow to ensure the 
attainment of the Gibbs’s equilibrium at the surface of the newly 
formed drop According to the writer’s experience, five minutes per 
drop IS by no means too long a time (c/ , p 7) The static method 
IS to be preferred for dilute solutions or for disperse systems such 
as the peptones, which possess small diffusion coefficients 

No very marked alterations m the surface tension of a medium 
during bacterial growth is to be expected since the formation ot surface 
tension depressants will be followed by their almost simultaneous 
adsoiption by the bacteria, which on removal by centnfugmg or 
filtration prior to the testing of the liquid will simultaneously withdraw 
the bulk ot the depressing material 

Chemical constitution and adsorption — ^For ionised substances 
the sign and magnitude of the electncal charge are important factors 
but not the only ones, the influence of the chemical nature of adsorbed 
ions bemg frequently marked, such as the fluoride and oxalate ions 
reacting with intra-cellular calcium ions, whilst the anions of the lower 
fatty acids are somewhat ‘lipoid soluble The adsorption of oiganic 
substances from solutions by bacteria is to be ascribed to the presence 
of certain gioups in the molecules The reverse of this, i c , the non- 
adsorption in the absence of these certain gioups has been clearly 
demonstrated by the work on plasmolysis of plant cells by de Vries^® 
and by Hamburger and Gryns^® on blood corpuscles, as well as the 
later work of Overton and Lowe on plasmolysis through membranes 
which indicated that membrane penneability foi orgamc compounds 
was associated with the absence of certain active groupings These 
active groupmgs in organic molecules are either acid or basic, e g , —OH, 
— COOH, — NHj, although unsaturated groupmgs such as the double 
bond and > CO and — CHO are not without influence Evidently 
the adsorption is chemical in its nature, a hypothesis utilised by Ehrlich 
in his work on the spiriUocides and by Emil Fischer on the fermentation 
of the various sugars The relationship between chemical constitution 
and surface tension as developed by Rayleigh,^’, Hardy^® and Langmmr^® 
is theiefore of importance The woik of these investigators has 
clearly emphasised the chemical nature of surface tension The surface 
film consisting of a uniraolecular layer of orientated molecules attached 
to the water surface by their polar groups apparently identical with the 
" active ” groups of Hamburger and Lowe, the non-polar portions or 
the hpoid soluble part of the molecule resisting as far as possible 
immersion in the polar medium No great extension of this hypothesis 
is necessary to mclude adsorption by micro-organisms Lipoid 
solubility of part of the molecule adsorbed is desurable so that the 
molecule may attach itself to the lipoid constituent of the cell, but it 
(b 3T-254)7 b 4 
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wovUd appear that the metabolism of the organism is not interfeiecl 
with by this process, e g , the feeble action of the saturated paraf&ns 
If, hoM'ever, the molecule possesses active or polai groups, & g , —OH, 
— NHg, — COOH, these react with similar groups but of opposite^ 
kmd present on the membrane of the micro-organism and disturbance 
of growth occurs 

We must, therefore, postulate on the cell membrane or within its 
pores at any rate in positions easy of access to the circumambient 
liquid the existence of active or polar groups, acceptors, which can 
react with any molecules present hkewise possessing active gioiips 
It has been noted that these polar groups on the cell are either acidic 
or basic in nature It would appear that all micro-organisms possess 
both types of groups, e g , both — NH^ and —COOH, i e , can react 
with both acidic and basic substances in solution but the pover ot 
leactmg vanes for each bacterial species, B coli, for example, will 
react to both acid and alkaline groups but is less lesistant to basic 
gennicides, its acid groups being predominant either in number or 
reactivity Staphylococcus conversely is more sensitive to acid 
germicides It is interesting to note that the formei class of organisms 
are Gram negative and the latter Giam positive 

Selective action — ^The membrane surface possesses a definite 
structure and its surface molecules are consequently definitelv 
orientated relatively one to another The presence of both acid and 
alkaline groups on the membrane has been demonstrated Hence to 
each molecule, building up the membrane surface possibly a complex 
polypeptide, we must ascribe one or moie such active groups or acceptois 
to which the material nndergomg absorption is attached To a 
sub-microscopic observer the adsorbing surface will consequently no 
longer appear unifoim but consist of active groups both acid and 
basic, e g , — NHj, —COOH, —OH, chstiibuted over the surface in a 
perfectly legular maiinei givmg the general appearance of a stiuctuie 
over a relatively wude area It has been shown that union with eithei 
the acid or basic acceptors leads to a general classification of germicides, 
in some cases coincident with the division obseived in Gram stainmg 
Evidently this feeble exhibition of selective action of germicides 
dependent on umpomt contact is greatly augmented if the possibihty 
of multi-point contact is envisaged If the germicide possesses more 
than one active group, e g , two — NHj groups in each molecule, these 
can evidently combine with two —COOH acceptoi groups on the 
micro-organism provided that the distance apart between the two 
groups on the germicide is coinpaiable to the distance apart of the 
acceptois on the micro-organism Since the bacteria wiU varj' among 
themselves both in number, nature and pacing of the acceptor 
groups, a very selective action is to be expected provided the suitable 
reacting gemiicide can be found oi synthesised In favour of this 
hypothesis may be mentioned the facts that the dyestuffs possessing 
more than one active gioupmg are more selective m their action 
than the ions or simple organic compounds [Methylene Uue^^, 
diphenyl and tnphenyh-methane dyes^^, rosanibnes^^, flavine'^'^ and 
trypan red 



Again the combination of toxms and anti-toxins and the reactions 
between the various sugars and their particular enzymes are simpl}^ 
interpreted on this hj'pothesis of multipoint contact The hypothesis 
leads to an interestmg speculation as to the possibility of enzyme 
S5m thesis by the insertion ot the particular leactive groups at the 
pioper distances apait in a hydrocarbon chain, by hydrolysis of the 
complex cell structure oi the micro-organism which produces the 
enzyme, and by bridging over the gaps between the reactive groups on 
the membrane surface by chemical reaction Evidently the old simile 
of key and lock can readily be reinstated in terms of complicated 
multipomt contact produced by intermoleculai reaction 

Piofessor Bayhss has already m the second report on colloid 
chemistry discussed the conditions of stabdity of the protoplasm and 
cell contents m the section on colloid chemistry in physiology Bacteria 
react m manners similai to those there enumerated foi simple cells, 
thus death may be occasioned by protem piecipitation within the cell 
as brought about by phenol and the ions of the heavy metals, by 
peroxide reaction ■with the protem as in the case with p-quinone,® or by 
the Clowes’s phase inveision produced by calcium and potassium 
soaps 

In the preparation ot disinfectants attempts are made to augment 
the selective adsorption of the germicide, thus the chloramines con- 
taming the — NHCl group and probably the lodamines — NHI are 
much more germicidal than the free halogens, the possession of the 
acti\e — NH grouping augmenting the activity In the preparation 
of the emulsified disinfectants the germicidal power for a given tar-acid 
content is nearly pioportional to the fineness of the emulsion The 
tar-acid emulsions are generally made with vegetable oils and soaps 
contammg a little tree alkali and frequently stabilised by means of some 
protective colloid such as gelatme Under the microscope a continuous 
bombardment of the bacteria by the fine emulsion particles is to be 
observed, one or two frequently adhermg foi comparatively long 
periods From an analogy with the protected colloidal metals it 
u ould appear disadvantageous to augment the stabihty of the emulsi- 
fied disinfectants above that necessary to ensure stability agamst 
precipitation by electrol5d;es in the concentrations usually met with in 
bacteriological practice, since the rapidity of action is governed by the 
reaction rate between the two colloidal systems 

Conclusions — In addition to the factors such as the presence of 
suitable food materials, optimum temperature, Pn and the hke, the 
growth rate of micro-organisms is greatiy mfluenced by the concentra- 
tion at the bacterium surface of the various substances present The 
surface concentrations may already be considerable even when scarcely 
detectable amounts aie present in the bulk of the medium The 
conditions necessary for favouring high surface concentrations ate 
shown to depend on the action of the substance on the interfacial 
surface tension The magnitude of this action can in many cases be 
estimated by the effect of the solute on the air/liquid mterface 

Adsorption appears to be a chemical process, reaction occurrmg 
between reactive groups in thematerial adsorbedand the ones (acceptors) 



in the micro-oigamsm Single point reaction leads to a simple 
differentiation between acid and alkaline reactive gioups whilst 
multi-point action increases the selective nature of the reaction which 
ultimately became entirely specific 
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INDUSTRIAL APPLICATIONS OF WETTING POWER 
By W H Nuttall, F I C 

{Tlw loco Rubber and Waterproofing Co , Ltd , Glasgow) 

Received 1st Apiil, 1922 
Many industrial processes are designedly based upon the powei of a 
liquid to wet the surface of a solid, e g , mineral separation processes, 
whilst in many othei mdustnal operations it is now recognised that 
wetting power plays an important part, e g , tree spiays and cattle dips 
The ability of a liquid to wet a solid surface, j g , to give an even, 
continuous film over it, is dependent upon three surface tensions 
the surface tension liquid /air (Tj), the surface tension solid/air (Tg), 
and the interfacial tension hqmd/sohd (T^j) I^or the liquid to wet, 
Tg must be > T, + Tia 



39 


Of these three surface tensions, two, viz , T 2 and are indeter- 
minate, so that direct experimental proof of the above relationship 
IS not possible Rontgen,^ however, has succeeded in demonstrating 
its vahdity foi the system rubber/water Cooper and NuttaU^, by 
usmg a surface covered with a thin layer of castor oil, the mterfacial 
tension of which towards the wetting hquid could be determined, were 
able to confirm its vahdity under somewhat different conditions 

In the wettmg process, in addition to these three smface tensions, 
consideration must also be given to two other factors (1) wettmg 
IS sometimes preiented by the presence on the solid to be wetted of a 
thin coat ot extraneous matter, e g , grease, etc , Freundlich^ points 
out that meicurj' fails to wet the surface of many solids owmg to its 
inability to dissolve the surface layer of moist an, adsorbed on them , 
(2) sometimes the wettmg power of a liquid is higher than would be 
expected from a consideration of the above three surface tensions 
Such is the case with saponm, proteins and various other substances 
which exhibit the property of surface concentration (capillary adsorp- 
tion) to a marked degree ® The result of this surface concentration is 
thepecuhar superficial viscosity or rigidity, first observed by Plateau ® 
Vennorel and Dantony’ were the first to point out that a liquid, 
exhibiting surface \iscosity to a marked degree, possesses a high 
wetting power in consequence Thus a 1 per cent solution of saponin 
is capable of wetting a glass plate coated with paraffin wax, although 
a 5 per cent solution ot soap fails to do so The wettmg power of 
solutions of saponin, gelatin, etc , seems to depend upon this capacity 
to form liquid planes, the high superficial viscosity of which prevents 
rupture and running together to torm drops 

The explanation of “ wettmg ” is, however, still obscuie, and 
our views ot the subject are in a state of transition, largely as the result 
of the work of Langmuir and Harkins 

Both Langmmr and Harkins have developed an essentially similar 
theory of surface tension phenomena , thus Langmuir states " A 
Theory of surface tension is now proposed in which a structure of the 
surface layer of atoms is regarded as the prmcipal factor m deter- 
minmg the surface tension (or rather surface energy) of liquids 
Accordmg to this theory the group molecules of organic hquids arrange 
themselves m the surface layer in such a way that their active por- 
tions are drawn inwards, leavmg the least active portion of the mole- 
cule to form the surface layer "® 

Harkins states " That surface tension phenomena m general 
are dependent upon the orientation and packing of molecules in surface 
layers 

Langmuir^® regards the spreadmg of an oil on the surface of water 
or of a liquid on the surface of a sohd as a chemical process, rather than 
a physical one He attributes the special surface activity of both 
solids and hquids to the " residual valency ’’ or the " unsaturated 
chemical affinity ” of the atoms The presence or absence of such will 
determme whether or not a liquid wiU sptead upon a surface “ The 
spreading of an oil upon water is thus due to the presence of an ‘ active 
group ' in tlie molecule , that is some group which has a marked 



affinity (secondary valence) for water " Thus oleic acid spreads on the 
suiface of water owing to the presence of the carboxyl groups, whilst 
oils without active groups, like pure saturated hydiocarbons, as 
Hardyi^ has shown, do not spread 

Further, Langmuir states “ Considei first the adsorption of a 
liquid by a plane sohd surface If the molecules of the liquid contam 
active groups, the molecules will become orientated and will pack 
into the surface layer in much the same mannei as in the case of oil 
films spread on the surface of watei 

Whilst these news of Langmuir and Harkins throw considerable 
light on the process of wetting, they do not affect the relation between 
the three tensions concerned refen ed to above 

A simple method of determining the wetting powei of a liquid, 
eg , a. tree spray, would be very advantageous, but from the foregoing 
it is obvious that such a determination is attended with considerable 
difficulty As a result, various means of comparing the wetting powei 
of liquids have been suggested from time to time, some of the commonei 
of which inciit passing consideration 

The most commonly accepted of these is the determination of the 
suiface tension Thus, Bmnnich and Sinitffi* state that “ the wetting 
powei of any liquid, or its pioperty to form a umfoim film upon a 
greasy surface, depends primarily upon its surface tension," and they 
attempt to compare wetting power by measuring surface tension bv 
means of a stalagmometer Vermoiel and Dantonyi^ state that 
surface tension as measured by the capillary rise method aftoids 
a satisfactory criterion of wetting power Lalci, howcvei,^® they 
state that " the surface tension of a liquid is not siiffinent to determine 
its wetting powti The wetting powei manifests itself very 

differently, according to the nature or state of the substance to be 
wetted With regard to plants, the wetting power of some 

solutions appeal to depend less upon the surface tension than upon the 
surface viscosity, as defined by Plateau ’’ Lefroy^® also recommends 
a determination of the surface tension as a means of comparing the 
wetting power of spray washes 

From the expression given above, it follows that a liquid to wet well 
must possess both a low surface tension to air (TJ and a low mterfacial 
tension (T 12 ) to the sohd to be wetted To compare wetting powei 
by a determination of the surface tension of the whetting liquid only is 
misleading foi two reasons (1) The nature of the surface to be wetted 
IS completely disregarded , (2) owing to surface concentration effects, 
the surface tension (static) of soap solutions does not vary with con- 
centrations so diverse as 0 1 and 10 per cent (expressed as fatty acidsl , 
yet the wetting pow'er of such concentrations difters greatly 

The mterfacial tension (Tjj) is itself indeterminate, but m actual 
practice a workable compromise may be made by the suitable choice 
of a liquid to lepresent the surface to be wetted Thus, for testmg 
cattle dips, tree-spiays, horticultural washes, etc , in which the surface 
to be wetted (hide, leaves, bark, etc ) are of a greasy or waxy nature, 
a thick neutial mmeial oil may be taken (compare Cooper and Nuttall, 
loc at) or if the wetting power of a lubricating oil is under considera- 
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tion, meicnrj, would be selected to leprescnt the bearing surface 
(Compare Bhatnagar and Garneri'^ ) 

The determmation of the interfacial tension of two immiscible 
liquids IS readily earned out by means of a stalagmometer Foi 
“comparative purposes, the interfacial tension may be taken as m- 
directly proportional to the " drop number,” but where absolute 
values are requiied, the method of calculation used by Lewis^® must 
be employed 

The figures foi the interfacial tension given in the followmg table 
have been obtained by this method , those for the surface tension by 
Seile's torsion balance method 

Table I 


Surface Tension and Interfacial Tension of solutions of Castor Soap 
towards Liquid Vasdine 


Concenlra. 
non Per 
cent of 
Fattv 

Surface 
Tension of 
Soap Solution 
Ti 

Surface 
Tension of 
Vaseline 

T* 

Interfacial 

Tension 

Tis 

r.-Ui+Tia) 


dynes /cm 

dynes /cm 

dynes /cm 

dynes/cm 

2 0 

33 4“) 

31 11 

S 23 

-10 57 

1 0 

33 4‘i 

31 11 

10 93 

-13 27 

0 S 

33 45 

31 11 

11 98 

-14 32 

0 1 

33 45 

31 11 

27 39 

-29 73 

0 01 

33 45 

31 11 

76 46 

-45 35 

0 001 

56 bl 

31 11 

108 43 

-77 32 

0 0001 

70 76 

31 11 

129 28 

-98 17 


It wiU be noted that whilst with concentration from 0 1 to 2 pei 
cent of fatty acid there is no marked variation in the surface tension 
of the soap solution, with the mterfacial tension there is a progressive 
decrease in value as the concentration increases It is evident also 
that the interfacial tension is the predominant factor m determmmg 
the wettmg power of a soap solution, and much valuable assistance 
in the control of many technical opeiations of great diversity can be 
obtained by " drop number ” determinations Unfortunately, the 
" drop number ” method has its limitations It is only reliable in the 
case of soap solutions With solutions of gelatin, saponm, etc , unless 
these are extremely dilute, surface concentration effects at the mterfacc 
of the oil and aqueous solution become so marked that quasi-solid 
surfaces are produced and the " drop number ” completely -vitiated 
Another suggested means of measurmg wettmg power is by a 
comparison of the emulsifymg power of the wettmg hquid towards 
oil Donnan {loc cit ) and Hdlyer®^ have shown mdependently that a 
soap solution acts as an emulsifier by virtue of its low interfacial tension 
to the oil to be emulsified Smee wettmg power is also mamly dependent 
upon a low mterfacial tension, it follows that a hquid, capable of 
emulsifymg oil readily, -will also possess a high w'etting power 




Similarly, a fine emulsion of oil in a soap solution ivill obviously have a 
high wetting power The presence of the emulsified oil does not in any 
way increase the wetting power , its presence in a finely-enuilsified 
state is meiely a proof that the liquid has a high wetting power 

TiBiE n 


Surface 1 ension and Interfacial Tension of solutions of Castor Soap 
towards Liquid Vaseline m the presence of Emulsified Solar Oil 


Soltilion contained 

0 1 per cent of fatty 
and plus — 

Surface 

1 1 ension of 
Solution 
Ti 

Surface 

9 eiision of 
Oil 

Ta 

Intel - 
facial 
Tension 

T,, 

'Tj-(T,P 

Tid 


dynes/cm 

clynes/cm 

dynos/cni 

dvncs/cm 

2 0 per cent of Solar oil 

49 08 

91 n 

42 46 

-bO 19 

1 0 

50 00 

91 11 

44 47 


(1 S 

48 19 

31 11 

37 06 

—54 14 

« 25 

49 66 

91 11 

37 99 

-55 94 

0 3 

48 81 1 

31 11 

97 98 

-55 71 

0 01 

99 56 

9! 11 

97 39 

-45 S4 

0 OOl 

99 45 

91 11 

27 39 

-29 73 


Table II gives the wetting power of solutions of castor soap con- 
taining vaiying percentages of emulsified ml If these figures be 
'compaicd with those given in Table I, it will be seen that the emulsified 
solution has a distinctly lowci wotting pow'er 

Foaming power has also been suggested as a ciitciion of wetting 
pow'er Foam formation has been investigated by various workeis of 
■whom mention may be made of Plateau [loc cit), ()uincke,^^ Rayleigh,®® 
Donnan [loc cit) and Shorter®'^ The essential conditions for the 
formation of foam are that the liquid shall be a solution and shall 
possess either the property of suiface concentration, e g , saponm 
solution, which shows e\ceptional frothing power , or a low surface 
tension, e g , soap solution Since, however, wetting power is mainly 
dependent on a low mterfacial tension, the ability of a liquid to give 
a permanent foam docs not necessarily indicate a high wetting power 
Of the industrial applications of wetting power, one of the most 
important is that of mineral separation, by which low-grade tailings, 
hitherto wasted, can now be piofitabty extracted It is computed 
that the method now deals with about 60,000,000 tons of ore annually 
The process is mamly (though by no means entirely) concerned with 
sulphide ores, and is based upon the differences shown by various 
6ubstances m the degiee to which they are wetted by watei or other 
liquid Thus water wets quartz (gangue) more leaddy than a mineral 
sulphide This difference in " wettability ” is accentuated by the 
addition of a small appropriate quantity of a suitable oil, which, by being 
selectively adsorbed on to the surface of the sulphide, lenders it more 
difficult to wet Similaily, by the addition of an acid or alkali, the 
surface of the quartz is made more easily wettable In the eailier 




methods, the unwetted particles of sulphide weie allowed to rise tp the' 
surface and skimmed off (skm flotation) , in modem practice, am is 
forced thiough the mi-s.tiire, when the sulphide particles are adsorbed 
at the surface of the am bubble and carried upwaids (froth flotation) 
The technique of the process is beyond the scope of the present article, 
but Broadbridge"® describes the process in detail , Siflman {loc c\i ) 
gives a detailed account of the theory upon which the method is based, 
as also does Fdser^’ 

Langmuir^ classifies surface flotation phenomena roughly mto 
thiee classes — the formation and properties of the froth , the oiling 
of the solid particles , and the adhesion of the oiled pai tides to the 
bubbles ot the froth, and discusses these from the standpomt of his 
own woik on ofl-fiJms, and his theory of suilace tension and adsorption 
" The formation of froth depends on the presence of substances 
which can form a stable monomolecular film over the surface of each 
bubble " Langmuir has not sufficient data to draw any conclusions 
between constitution and powers of flotation of various oils, but 
Dean®'' claims that " flotation oils possessing a polar group are adsorbed 
at the am-watei mterface,” and that “ from the chemical formula of 
the oil it IS possible to determme its flotation qualities " Langmuir 
\loc cit ) states that " the adhesion of the particles to the bubbles 
depends primarily on the ease with which oily water wets the oily 
sohd, and this m turn is measured by the angle of contact between 
these oiled liquid and solid surfaces ” 

Froth flotation methods are now being applied to a variety of 
minerals, other than sulphides, viz , cassiteiite, oxides and carbonates 
of copper, tin oxide, lead and silver oxides 

A lecent adaptation has been the separation of bitumen from lock, 
described by Fyleman®® Bitumen frequently ocems in association 
with more or less finely divided mmeral matter, the content of bitumen 
usually ranging between 10 and 20 per cent The problem oi separating 
the bitumen fiom such deposits has hitherto proved impossible foi 
economic reasons, extraction by organic solvents or removal by dis- 
tillation being too costly Washmg with hot or cold water has also 
been attempted, but since the mterfacial tension between the mineial 
matter and the bitumen is usually lower than that between the mmeral 
matter and watei, no separation of the bitumen from the lock resulted 
By employing a liquid, however, the mterfacial tension ot which 
towards mineral matter is less than that between the bitumen and 
the mineral matter, separation of the bitumen from the rock is readily 
effected 

Very dilute solutions (1 part per thousand) of an alkali soap, of an 
alkflh salt, of a weak organic acid, or of saponin serve the purpose 

As most bitumens contam small amoimts of compounds of a 
weakly acid charactei, a very dilute solution ot sodium carbonate 
frequently suffices (Fyleman, English Patent, 1635, 1920) The 
method is also apphcable for the recovery of mineral oil from the 
saturated sand occurnng round oil wells 

Another recent application of differential wetting is a separation 
of coal from mmeral matter, but it is doubtful whether in this country 



dt any late such a process could be worked piohtably In German}-, 
a froth flotation method has been patented for the separation of 
graphite fiom its ores 

A second important industrial application of wetting power is ' 
that iclatmg to the use of contact poisons, whether as veterinary 
preparations, e g , cattle dip, oi as hoi ticultural medicaments, e g , 
tiee sprays The writer has, in collaboration with Coopei, emphasised 
this point elsewhere In tiopical and sub-tropical countries, stock- 
breeding is only possible il constant steps are taken to keep under 
various insect paiasites, many of which are disease earners Of 
such parasites, ticks aie responsible foi an enonnous annual loss to 
cattle breeders The usual method of protection is by systematic 
dipping in a dilute solution of sodium arsenite, but in S Africa, 
especially with the “ Bont ” tick, it has been found that the concentra- 
tion necessary to kill the tick frequently leads to the destruction of 
the cattle through bad scalding 

Bji mcorporating an oil emulsion w'lth the aisenite and thus insuring 
a higli wetting power, it proved possible materially to i educe the 
arsenic content oi the dip, and yet insure the destruction of the tick 
without iniury to the cattli* Wetting power is of equal impoi tance 
with all forms of tiee sprays and insecticides generally Ihe leaf 
of a tree, the chitinoiis integument of an insect and the piotective 
woolly secretion of the aphis or American blight aie all exceptionally 
difficult to wet, and unless wetting occurs, a contact poison cannot 
do its work The well-known tree spiay consisting of an emulsion 
of paraffin and soap solution owes its cthcicncy to the high wetting 
power conferred by the soap 

The importance of wetting power in the piocess of scouring has 
aheady been rcfeind to by McBain in his aiticle on the Colloidal 
Chemistry of Soaps *2 

The intcifacial tension, as deteimmed by the " diop numbei,” 
towards a standard oil is a convenient and satisfactory method for 
determining the cleansing power of soaps The temperature at 
which the deteimination is made should correspond as fai as possible 
to that at which the soap is to be used '*■' 

In the deguinmmg of sdk by means of a froth bath, a low surface 
tension is the main requisite The increased fiothmg power resulting 
from the presence of solid colloidal mattei should not, however, be 
overlooked Thus, tor example, by diluting sodium oleate solution 
until no permanent lather is produced and then adding a pinch of 
clay, a persistent lather can be obtained 

Since emulsification of oils by soap and sinulai solutions is mainly 
dependent on a low interfacial tension between the od and the 
emulsilying liquid, the " drop number ” of the oil to be emulsified 
against solutions of v^arious soaps, etc , will afford a good indication 
of the best type of soap for emulsifying the oil in question The 
" drop nunibei ” also affords means of measuring the efficiency of 
Twitchell’s re-agent tow aids the oil to be saponified Twitchell’s 
re-agent acts niamly through its powei of emulsification, as a result 
of which the oil becomes emulsified and thus offers a greatly cnlaiged 
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surface to the hjdrotysing action of the acid picsent 3'’ Other einiil- 
sif\ung agents such a‘; colloidal clay can be substituted for the Twitcliell 
re-agent and increased hydrolysis similarly, obtained 
• Anti-dimming preparations also represent another mdustiial 
apphcation of wetting power Such compositions were largety used 
during the wai lor the eye pieces ot gas masks whilst to-day thej 
aie begmnmg to find application for use on the wind screens of motor 
cars The object of such is to reduce the inttrfacial tension between 
water and celluloid or glass, so that moisture or ram is no longer 
deposited in the form of drops which obliterate vision, hut wets the 
material with an even film so that vision is not seriously impaired 
The American Army Chemical Seryice carried out considerable 
experiments on anti-dimmmg compositions 

An instance in which the opposite effect is desired, namely, that 
water shall be deposited m the form of drops, is afforded by the process 
of shower-proofing fabrics A high interfacial tension between 
water and the suifacc of the fabric is obyiously necessary and this 
IS obtained by coating with a surface film of wax or aluminium stearate, 
etc With such a dressing the ram fads to wet and runs oft in drops 
whilst the porosity of the fabric lemams practically unimpaired 

The addition of saponin to an aqueous liquid to enable it to spread 
more easily over a semi-grcasy surface, eg, ink on writing paper, 
IS well known 

Wetting power is natuially not confined to aqueous liquids, but 
wheneyer a liquid, whether aqueous or otherwise is applied to a solid 
surface, surface and interfacial tensions come into play, and the 
spreading of the liquid oyer the surface or otherwise thereby determined 
Thus, for example, wetting power plays an important part in the 
paint and vainish industrj. Paints and yarnishes during application 
fi equently refuse to spread or sometimes, especially with spirit varnishes , 
as the solvent evaporates, the varnish runs into drops Tins effect 
IS known techmcally as " cissmg ’’ Frequently it arises tlirough 
the surface to which the paint or varnish is applied being damp or 
greasy, and in these cases is easily oveicome by sand papering the 
surface In other cases, however, the defect is to be referred to the 
paint or varnish itself From what has been already said, it is obvious 
that the surface tension of the paint or varnish is not mainly responsible 
for the trouble, but rather the interfacial tension between the liquid 
and solid surface which is of far greater significance m the paint 
indiistiy' Thus H A Gardiner and P C Holdt*® have determined 
the surface tensions of liquids concerned and have obtained the following 
averages in dynes pel cm , triglyceride drjung oils, 38 5 , turpentine, 
31 5, mmeral spirits, 30 They haxe also determined the "drop 
number ” of various paint liquids against water and claim that such 
measurements may apply closely to practical conditions, since all 
solid surfaces are believed to hold an adsorbed film of moisture 
Some of their results are — Raw linseed oil, 55 drops , linseed fatty 
acids, 300 drops, turpentine, 115 drops, mineral spirits, 79 drops 
Addition of linseed fatty acids to raw linseed oil greatly decreases the 
interfacial tension and, therefore, the wetting power 



Finally, '' M'etting ’’ plays some pait in the piocess of lubrication 
Thus, XJbbelohde pointed out that only a liquid which “ wets ” a 
solid can constitute a true lubricant Wells and Southcombe^® have 
ioUowed up this idea and have determined the interfacial tension ofi. 
various ods towards water Their results show that the interfacial 
tension agamst w'ater of the vegetable and animal oils is much lower 
than IS the case of a mineral oil, and they hnd that “ the loweiing of 
the mterfacial tension agamst water m the case of the fatty oils was 
due to then slight content of free acidity ” Lewis has measured the 
interfacial tension betw een od and a liquid metal mercury, and concludes 
" with some confidence that the addition of the organic acids will 
lower the tension at any metal-oil interface ” This result has been 
confirmed by Bhatnagar and Gamei“ who state that “ it thus appears 
that the increased efficiency of a miiieial oJ to which an organic 
acid 13 added runs parallel Math a lowering ot tension at a metal-oil 
mteiface '' 

Thai the addition of a fatty acid to a mineral oil materially improves 
its lubricating properties has been shown by Aichbutt Determinations 
were made on a Thurston machine run at a slow speed to obtain contact 
tnction and at a constant load The following lesults niaj. be 
quoted — 



Mmeial Oil 

Rape Oil 

Fiiotion 

Coefficient 


Pci cent 

Per Lent 


1 

100 0 

Nil 

«0 OUtih 


‘19 5 

0 5 

•o 0049 

3 

99 0 

1 0 

0 004 S 

4 

98 0 

3 0 

0 0042 

i 

100 0 

Nil 

0 006(5 


Similarly, Hyde woiking with a Deeley machine at the National 
Physical Laboratory found that the addition of 0 1 per cent of rape 
oil fatty acids added to a mineial oil loweied the coefficient of static 
fnction from 0 132 to 0 092, a reduction of 30 per cent Archbutffi® 
concludes “ that when a lubricating oil wets the surface of a bearmg, 
a layer one molecule thick becomes absorbed by the metal and forms 
part of the solid surface This absorbed film entirely changes the 
physical charactei ot the smiace and lowers the static friction. The 
best lubiicants aie those most active in this respect, and the mmeral 
oils deficient m oilmess can be improved by dissolving in them sub- 
stances whose molecules aie more active This, in my opmion, is 
the true explanation of the remarkable effect caused by adding small 
quantities of fatty acids to mineral oils ” As an outcome of Wells 
and Southcombe’s work, " straight " mmeral oils contammg small 
additions of suitable fatty acids are now displacing the mixtures of 
mineral and vegetable oils hitherto used as lubricants A con< 7 iderable 
savmg of valuable vegetable oils has thus resulted 
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COLIOIDS IN RELAriON TO THE MANUFACTURE 
OF INKS 

By C Ainsworth Mitchell M A , F I C 

Received 10th January, ld22 

It IS a remarkable fact that the first application of Colloid phenomena 
to industrial processes should have been in connection with the manu- 
facture of inlc In the preparation of Chinese or Indian ink — an account 
of which, datmg back to about B C 2600, is evtanU — ^lamp black is 
obtained by burning an oil such as Chinese wood oil with a limited 



supply of air, and is then pounded with a solution of glue oi gum and 
made into sticks which are dried 

In Older to obtam a pigment that will lem.uii m suspension fui 
a long period, the smoke is sometimes fiactionated by being passed 
through a senes of chambers, and the deposit vvhich is formed m the 
last chamber is used for the finest qualities oi ink 

If equal weights of different qualities of Indian ink are ground up 
m equal volumes of water, pronounced differences will be noticed in 
the rates at which the carbon particles subside, and it is possible m 
this way to grade samph s rapidly into different classes 

In a paper recently published by Liicas^ inteicsting information 
on the flocculating properties of modern Egj^ptian carbon inks is 
given 

Kuhn’^ adapted the physiological method of counting blood corpuscles 
to the examination of finely powdered pigments A weighed quantity 
of the material is mechanically shaken with a measuied quantity 
of a medium such as glyceiol or linseed oil, a measured quantity 
of the mixture withdrawn by means of a micio-pipette, diluted with 
the medium, and the numbei of particles counted in a Zeiss-Tlioma 
chamber under a magnification of 550 diameters By this means it 
was found that lamp black with a specific gracity of 1 57 contained 
960 niilhards of particles pei gram, and fioiii this it was calculated 
that an average particle had a diametci oi 10 8fx, and contained 
26 milhaid molecules of carbon 

The addition of a caibon pigment, such as lampblack, has olten 
been suggested as a means oi rcndcimg oidinaiy wilting ink pioof 
against the action of chemical agents, but in mosi cases added 
lampblack subsides more oi less lapidly, owing to its not being m a 
sufficiently fine state of division to foim a homogeneous mixture with 
the solution of the soluble pigment The same obiection applies to 
the addition of ordinary graphite, as fiist claimed by Halfpenny 
(Eng Pat 262, 1873), but this difficulty has been laigcly overcome 
by the mvention ot Acheson’s deflocculated graphite, which is now 
used as the caibon pigment in many so-called “ safety ” inks 

The ordinary writing inks of the present day consist of a more 
or less soluble tannatc of iron, prepared by mixing together an infusion 
of galls, myiobalans or other source ot tannin, with copperas or othei 
salt of iron 

When this type of ink was first made, it was exposed to the air 
until it giadiially changed into a black colloidal tannate which remained 
m suspension m the liquid, and gavi a daik colour to it In the 
more modem inks, typified by the so-called '' blue-black '' inks, 
the iron taimate is kept m a more soluble condition by the addition 
of a suitable pioportion of hydrochloric oi othei strong acid When 
this mk IS applied to the paper the oxidation takes place giadually, 
and successive oxidised taniiates are produced, ending finally in the 
formation of an insoluble tannate Pendmg this darkening process 
the wTiting at first gets its colour from an added dye, such as indigo 
01 aniline “ soluble bine ” 
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The btages of this change fiom a soluble iron tannate, through a 
colloidal tannate, uito ultimately an insoluble tannate, have been 
studied by Mitchell* who has shown that to this change must be 
attributed the different behamour of mks in old and recent writing 
to the action of chemical agents 

Wdicn ferrous tannate solution is exposed to the air the precipitale 
which is first produced contains about 5 5 per cent of iron and is 
of a colloidal charactei , it conesponds with an iron tannate desciibed 
by Wittstem ® The final insoluble precipitate contams approximately 
8 per cent of iron, corresponding with a tannate descnbed by Pelouze * 
Between these two extremes come precipitates with intermediate 
proportions of iron, which are possibly mixtures of these two com- 
pounds 

The addition of a suitable amount of acid is necessary to keep 
the ink in a stable condition of arrested oxidation, and if the acid is 
reduced below a definite amount the ink assumes a colloidal character 
and eventually throws down heavy deposits It has been shown 
by MitcheU’ that these objectionable changes may be caused by 
alkah m the glass neutrahsing part of the acid in the ink, and that 
tins is probably the cause of many previously mysterious deposits 
in bottled mk 

Difficulties caused by changes of a colloidal character are also 
observed in the case of other inks For example, copper logwood 
mk is often very unstable, and chrome logwood is liable to coagulate 
suddenly Stem® claimed that the addition of mercuiic chloride 
would liquefy the coagulated mk, but Viedt* found this remedy 
to be ineffective, and obtained better results by addmg sodium 
carbonate and prei'entmg the mk from coming into contact with the 
air 

In the case of markmg inks, examples of colloidal preparations 
are to be found in some of the silver inks, although in others the silver 
salt is probably present in true solution and is then reduced to a black 
compound, possibly, an oxide, by the action ot heat Some of the 
aniline marking mks are still made m two solutions, one contammg 
the anihne salt, and the other the oxidismg agent, and these are mixed 
immediately before use to form a colloidal solution, which when heated 
yields an insoluble deposit of anilme black 

There are also numerous preparations in which the two essential 
constituents are present in one solution, and remain fluid until the 
mk IS applied to the fibres, when the volatile substances present 
evaporate, and the insoluble black pigment is formed 

Some of these mks contam an excess of free anilme over the oxidising 
agent, whilst others contain both free anilme and acetic acid, both 
of which evaporate on exposure This is the prmciple adopted m 
Grawitz’s marlcmg mks (Fr Pat 276,397, 1898), but unless the 
proportions of the constituents are properly balanced the change 
wiU take place m the bottle, and the mk, ^ter remammg fluid for 
months wfil suddenly gelatmise into a viscous mass, winch is useless 
for markmg purposes 
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THE MANUFACTURE OF ARTIFICIAL SILK IN RELATION 
TO COLLOID CHEMISTRY 
By Edward Whefler, A C G I A I C 

Received 16th January, 1922 
Introduction 

The manufacture of artificial silk furnishes a very good example 
of an industry where the technique is considerably in advance of the 
theory of the process Many of the ininoi operations involved in 
making the solutions, coagulating the thread, etc , have been found to 
be of fundamental importance in that they effect changes m the 
colloid state of the cellulose which ensure the production of a com- 
mercially successful fibre, and have been introduced largely as 
the lesult of what might be termed empirical reseaich Gradually, 
however, the methods of colloid chemistiy applied to the study of the 
technical problems of the industry are revealing the scientific principles 
underlving these opeiations, and leading to further impoitant improve- 
ments and developments in manufacture Unfoitunately, much of the 
technical reseaich work carried out by manufacturers of artificial 
silk and other cellulose piodiicts lemams unpublished for obvious 
reasons, but it is to be regretted that work dealing with the more 
general aspects of cellulose and regenciated cellulose could not be 
published, as much woik in this direction has had to be earned out in the 
reseaich laboratories of many films The patent literature affords 
some indication of the directions in which technical reseaich is bemg 
piosecuted, but little information is there afforded as to the scientific 
or technical value of the discoveries thus protected 

Processes employed for ilie Manufaciiire of Artifieial Silk 
The four piocesscs for the manufacture of artificial silk in use 
to-day are as follows — 

(a) Cuprammonium process (also known as Glanzstoff or Pauly 
process) 

{b) Nitrocellulose process (also known as Chardonnet process) 

(c) Viscose process 

(d) Cellulose acetate process 

The bearing of colloid chemistry on each of these processes will be 
briefly discussed in relation to the raw materials used, tire preparation 
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of the solutions, the coagulation of the thread m spinning, and the 
after-treatment necessary in each case The properties of artificial 
silk as a coUoid will then be considered in relation to the requirements 
qf the textile mdustry 

Celhdoi,e as the Basis of all Artificial Silk 

The basis of all commercial artificial sdk at present bemg manu- 
factured IS cellulose, but only cotton and wood-pulp cellulose (sulphite 
pulp) ha-ve been utilised successfully as raw materials The former 
is used in the cupi ammonium, nitro-ceUulose and cellulose acetate 
processes , the latter in the viscose process 

Cotton repiesents the highest grade of cellulose obtainable, and it 
is therefore not surprising to find that the best artificial sdk has been 
made from cotton Nevertheless the product produced from wood- 
pulp ceUidose by the modern viscose process has approached Ytvy 
closely to that produced by the other processes It should, however, 
be mentioned that owing to its cheapness the viscose process has 
largely supplanted the othei processes both in this country and on the 
Contment for some yeais, and hence the methods of manufacture 
have been much further improved and developed by research and 
experimental work, so that to this reason may be ascribed the high 
grade product thereby produced Recent work has shown that a 
viscose silk made from cotton is superior in many respects to the 
wood-pulp derived product 

(a) Clip} ammonium Process 

The cuprammonium process depends on the solution or dispersion 
of cellulose in a copper ammoma solution and the coagulation of 
cellulose hydrate m the form of a thread by expressmg the solution 
into acid or alkahne baths of smtable composition 

Preliminary preparation of the cotton — ^The dispersion of raw 
cotton in cuprammonium solution is a very slow process, and the 
maximum content of cellulose which can be obtamed in solution is 
not more than 4 per cent^ Such a content of cellulose is too low 
for practical purposes, and moreover the viscosity ot such a solution is 
too great for spinning purposes It is, theiefoie, necessary in the 
first place to free the raw cotton from impurities and depolymerise the 
cellulose uniformly by kiering it under certam standard conditions (such 
as strength of alkali, time of kiering, kiering pressiuc, etc ), and if this 
tieatment is not sufficient the kiered cotton is mercerised or gently 
bleached whereby the depolymerisation of the cellulose cqmplex is 
carried further, and solutions of higher cellulose content and having a 
viscosity more suitable for spmnmg are obtained Each manufacture! 
has worked out his own conditions® and little information has hitherto 
been available on this pomt During the war the whole question ot 
kiermg cotton was very thoroughly investigated by the Ministry of 
Munitions m connection with the production of nitro-ceUulose The 
effect of such factors as concentration of caustic soda, the temperature 
and time of boihng, on the viscosity of the cotton in- cuprammonium 
solution were determmed m the case of a large number of samples 



of cotton Ab a. geneial lesult of this scmi-laigc scale investigation^ 
it appeared that although considerable vaiiations might exist in 
induidual samples of cotton, undei standard conditions of kieimg, 
cotton can be freed from impurities and depolymerised unitormly ty 
a ceitain stage * 

Preparation of the cupramimnmm solution — The cotton thus treated 
IS dissolved in copper-ammonia solution usually prepared by blowing 
air or oxygen through ammonia in contact with copper in a suitable 
form The patent literature dealing with the preparation of copper- 
ammonia solutions is very extensive, and a large number of different 
methods of making the solution arc protected ‘‘ According to Berl® 
the colloidal portion of the cuprammonmm hydroxide unites with the 
cellulose to form an adsorption compound soluble m ammonia Various 
patents have been taken out to ensure the preparation of the maximum 
amount of colloidal copper hydroxide,® as thereby the solubility of the 
cellulose is increased The usual amounts of copper, ammonia and 
cellulose m the commercial spinning solutions lange between 2 5-3 0 
per cent copper, 7-8 pei cent ammonia, and 7-8 per cent 
cellulose 

A systematic investigation of the copper-ammonia, cellulose equili- 
brium was made by Connerade'^ who proved that the fixation of coppei 
as colloidal copper ammonium hydroxide by the ceUulose obeys the 
adsorption law, and that the solubihty of the cellulose brought about 
by this fixation extends right up to the limit of equilibrium between 
the solid and liquid phases The strongly liydratecl colloidal complex 
also fixes ammonia m propoilion to its concentration tending towaids 
the stabilisation of the solution 

The solutions of cellulose in copper-ammonia thus obtained are, 
however, not stable , firstly, they undergo oxidation by duect absorp- 
tion of oxygen from the air whereby the cellulose is oxidised,® and the 
viscosity of the solution rapidly decreases, secondly, the cellulose 
sol tends to revert to the gel state In order to render the solution 
more stable, thice methods have been tiied"d, which mav be classified as 
follows 

(a) The addition of an organic hydioxy compound, eg , sugars, 
starch, etc 

(b) The addition of caustic soda in small amounts 

(c) Prepaiation and prtseivation of the solutions at low tempera- 

tnies (0° to 6° r ) 

The effect of adding substances in class (a) is, fiom the chemical 
point of view, to prevent oxidation of the cellulose at the expense of the 
added compound, though al the same time their function may be 
paitly that of a protective colloid in increasing the stability of the 
cellulose sol , while the effect of caustic soda (b) is possibly to mcrease the 
stability of the colloidal coppci -ammonia complex and so to increase 

* It has long been known among manufacturers of aiii&cial silk that the 
viscosity of the cellulose solution bears a very definite relation to the strength 
of the fibre made fiom it and as far as possible it has been the endeav our of the 
manufacturer to keep the viscosity Tvithin certain arbitiarv limits found to be 
consistent witli satisfactory spinning and high stiengtli of the pioduct 
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the stability of dispersion ot the cellulose itself the effect of low 
temperature (c) on cellulose in contact with alkaline or acid solutions of 
certain strengths is always to increase its gelatmisation, whereby it 
passes more easily into solution oi dispersion, while the late of change 
of sol-gel IS considerably letarded 

The solution of cuprammonium obtained is not spun directly, but is 
usually kept foi some days According to Foltzei^* ** three to torn ddi>s 
ripening is sufficient, bnt on the other hand m some cuprammonium 
factories periods of twm to three weeks are not unknown During this 
period of ripening a slbw change in the solution takes place as is shown 
by the decrease m viscosity of the solution, pointing to a depolymerisa- 
tion 01 breakdown of the cellulose complex by the solvent or the 
dispel sold In practice it is found best to keep the solution for a 
definite peiiod at a unifoim low temperature, namely, about 4° C 

The solution is carefully filteredf and evacuated during the 
iipenmg period prior to spinning 

Spinning — The spinnmg process consists in foicing the solution 
by means of air pressure or oi a pump through a number of fine glass 
jets, or one steel jet bored with several holes (each hole being about 

0 1 to 0 2 mm diametei), into a fixing bath, one filament berngfoimid 
from each hole A cei tain definite number of these filaments are combined 
together to make up a single thread accordmg to the sue required i 
The si/e of the thread to be spun determines the amount of solution 
of known cellulose content projected through the jet or jets by means 
of the pump and the rate at which the composite thread is drawn off by 
the collecting spool per minute 

Coagulating or spinning baths — ^The coagulating or spinning of the 
thread fiom the cuprammonium solution can be effected by (a) acid, 

01 (b) alkaline baths , the tormei type of bath has been largely 
supeiseded m recent years by the latter 

Before considermg these types of baths it is necessary to specify 
shortly what pioperties are requned in the finished thread, so tliat a 
proper understanding of the action of the different constituents of the 
two types ot bath may be anived at A commercially satisfactoi-y 
artificial silk should possess high strength — dry and wet, elasticity, 

* Ihe clftctb pioduced bv these additions have boon claimed in one torni or 
another m vanous patents over a number of yeais Each specific addition is 
claimed to add some special property to the ' silk ' spun as legards strength 
and lustrp but undoubtedly the geneial elTect is tor the cellulose to be present 
in a moic finely divided oi dispersed state oi continuous homogeneous phase 
in a stable solution whereby a more homogeneous thread is spun While with a 
Ihiead spun fiom a solution verging on the gel stale,oi diaeontiniious phase, a loss 
of cohesion will lesult on spinning the thread so that the particles as precipitated 
do not tend to hold togothei so continuously and hence an inferioi thread is 
produced The inferiority of such a thread is shown by its low mechanical 
strength — net and dry tenacity — and poor elasticity 

t The Mtiation of cellulose solutions for spinnmg aitificial silk has to be 
effected most efficiently In a recent patent the use of high speed centrifugals 
(15,000 rpm) has been claimed as a means of eliminating the very small 
undissolved particles {Bnt Pat, 171,384) 

I Counts of ai tificial silk thread are termed denieis The denier is defined 
as the weight in milligrams of nine metres of " silk ' In most artificial silk 
the size of individual filaments ls seven to eight deniers {see p 68) 



softness, good covering power and lustre Softness and lustre will not 
be so directly influenced by variation in the spinning bath, as the other 
properties and the aim of all manufacturers, other things being equal, 
has been to produce a thread having the highest possible stiength and* 
maMmum covering power The coveiing power will obviously be 
dependent on the cross-scctional area of the threads As a result of 
continued research the types of spmning baths which yield an artificial 
silk havmg maximum covermg power with the highest strength and 
elasticity have gradually been evolved 

Bearing these considerations in mmd it will be obvious that the 
cross-section of the thread must be largely influenced by the method of 
coagulation as conditioned by the composition temperature and time 
of action of the spinning bath (This latter factor will depend on the 
length of travel of the formed thread through the bath and the rate 
at which it travels through it to the wmdmg spool) Moreover, as 
in many other chemical reactions, it might be expected that a 
diffeitnce would be observed between the action of an acid or 
alkaline bath alone and baths contammg in addition salts or organic 
bodies In fact it is by the addition of these other constituents to the 
baths that the rate of coagulation and the rate of penetration of the 
bath through the initially-formed film can be favourably mfluenced, 
so that a satisfactory thiead is produced 

(a) Actd spinning baths — usual type of acid spinning bath 
formerly adopted consisted of 50 to 60 per cent sulphuiic acid with 
or without othei constituents acting at ordinary tempeiatuies , weaker 
acid was found to givu a thread lacking in solidity, softness and 
strength 

{b) ilkahm spinning baths — ^Alkaline spinning baths have been 
found to coagulate the thread more slowly, whereby a more even 
thread is produced possessing greater covering powei A typical bath 
contains 16 to 30 per cent caustic soda and 7 pei cent sugai 

The patent hteratuie deahng with alkaline spuming baths is very 
voluminous, but the majority of baths patented are only modifications 
as regaids strength, organic additions, etc , whereby it is claimed that 
a thread of special properties is obtained Generally, it would seem 
that the effect of an alkaline bath is to precipitate the cellulose in a 
more gel-like form yet the thiead is coagulated sufficiently to prevent 
separate filaments sticking together By such alkaline baths a veiy 
highly hydrated open thread is obtained which is soft and has good 
covering powei An acid fixed thread is less gel-like and therefore 
possesses less markedly the required propeitics, though it is possible to 
modify the rapid coagulating action of the acid by the addition of 
salts, etc , to the bath 

The use of alkaline precipitating baths has made possible the 
production of thieads of much finer counts {down to 0 49 demeis 
per filament) than could be produced by any other pioccss, as the 
thieads, being in a more plastic condition, can be drawn out to a 
very considerable extent without breaking Thus coarse threads are 
spun from steel jets having holes of 0 75 mm diametei into a 0 25 per 
cent caustic soda bath, and then are subjected to a drawmg^out 
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procesb while being gradually passed by an ingenious airangement into 
a bath of 5 per cent caustic soda (Thiele processi®' i®) 

In this connection reference might be made to an investigation on 
the formation of threads m spinning cuprammoniuin solution fiom 
^lass ]ets, which has been carried out by Ost He has studied the 
foimation of the thread at the jet and its drawmg out in gel stale using 
difteient types of capillary jets He found that a thread spun fiom a 
0 2 mm jet could be drawn out up to five to six times its original 
length provided that the strength of the spmnmg bath was so 
arranged that the thread was m a plastic gel condition ‘ 

After-treatment of the spun thread — ^The thread produced from an acid 
or alkaline bath is m the foimer case washed free from acid, and m the 
latter case fixed first m 5 to 10 per cent sulphuric acid and then washed 
free from acid The fixed thread is now an irreversible colloid, but in a 
highly hydrated condition It is necessary m order to produce the 
bright and lustrous artificial silk to dehydrate this thread in such a 
way as to prevent conti action on drying This is usually effected by 
drjrag the thread at 40° to b0° C by a current of warm air (care bemg 
taken to keep the humidity below 50 per cent ), sometimes out of a 
soap solution, on suitable stretdiing frames wheieby no contiaction 
of the thiead takes place, and a lustrous thread is obtained It 
might be here remarked that within limits it is possible to stretch 
the skeins oi threads slightly m the process whereby an enhanced 
strength may be obtamed at the expense of the elasticity of the thread 

The bright thread thus produced can be further tieated by bleach- 
ing, dyeing, etc , but any subsequent treatment does not affect 
appreciably the permanent nature of the cellulose hydrate produced 
after the first drjnng 

Recovery of the copper — ^The commercial success of the cuprammo- 
niiim process, apart from the production of satisfactory artificial 
silk, depends almost entirely on the successful recovery of the ammonia 
and the copper used in the process From the pomt of view of colloid 
chemistry the most mterestmg methods are those concerned with the 
recovery of the small amount of cuprous oxide in the large volume of 
water used for washing the spun thread This has been successfully 
carried out by the addition of various insoluble colloids, such as 
starch or finely-divided cellulose, whereby the colloidal oxide is 
adsorbed and so can be easily recovered 

(&) Nttro-cellulose Ptocess 

The nitro-cellulose process of manufactiiimg artificial silk consists 
m dissolving nitrocellulose m suitable organic solvents and forcing 
the solution thus obtained through glass jets, havmg suitable orifices, 
mto a spmnmg bath (wet spmnmg) or mto warm air (dry spinning) 
whereby the solvent is evaporated The thread thus produced consists 
of nitrocellulose, which has to be denitrated to render the sdk safe 
for commercial use 

Preparation of Nitro-celluhse Solution — ^The manufacture of mtro- 
ceUiilose fiom the colloidal point of view has already been referred 
to m previous reports^® 



Cotton IS always used as the raw material for the manufacture 
of mtro-ceUulose tor artificial silk manufacture, as it has hitherto 
been found that the viscosity of a solution of mtro-cellulose made 
from wood-pulp is too low for successful spinnmg^^ On the other 
hand, the exigencies of the war period caused considerable research* 
to be carried out in the production of a wood-pulp suitable for smokeless 
powder manufacture Satisfactory results were obtained especially 
in Germany, and it seems possible that wood-pulp cellulose might 
be used for the production of mtro-ceUulose for artihci^ silk Accord- 
ing to Schwalbe and Becker”" the freemg of the wood cellulose for 
nitro-cellulose manufacture from the impuiities usually associated 
with it can be successfully accomplished by a lime boil without 
ckpolymerismg the cellulose to any extent The work carried out 
m this country by the Mmistry of Munitions (see page 51) showed that 
the conditions of kiciing cotton profoundly affected the viscosity of 
the mtro-cellulose m ether-alcohol mixtures, the usual solvent used in 
artifici il silk manufacture 

The first stage of the mixed process consists m nitrating suitably 
puiified cotton at 40° C , with an acid having the following approximate 
composition HiSO^— 44 per cent , HNO^— 38 per cent , HiO— 18 per 
cent , the degree oi nitration being determined by examination of 
the nitrated cotton undei the microscope “ The nitrated cotton is 
w’ashed and pnnfacd by methods well known in the explosives industry, 
and then partially dried and dissolved while still moist m ethei- 
alcohol (60 40) By dissolving the moist mtro-cellulose in ether- 
alcohol it has been iound that a more fluid and soluble solution can 
be obtained than by using anhydrous mtro-cellulosc , moreovei, it 
has the advantage of lendenng the process less dangerous 

Gibson and McCall have carefully studied the viscositj' of mtro- 
cellulose solutions in ether-alcohol, and have found that there is a 
definite relation between the viscosity and the percentage of alcohol 
m the ether-alcohol mixture, the viscosity usuaUy passing through a 
inmimum at a definite ether-alcohol ratio Moreover this relationship 
holds foi difierint concentrations of mtro-cellulose, but varies for 
different percentages of nitrogen Masson and McCall studymg 
mixtures of acetone, watei and ratro-cellulose found that a similar 
relationship held 

The mtro-cellulose solutions are very stable, the viscosity decreasmg 
very little m 21 days, but aftei six months a diminution takes place 
According to Masson and McCall (he vit ), the viscosity ot a nitro- 
cellulose solution rises to a maximum within a few minutes of making 
the solution and then falls very gradually both with aqueous and 
anhydrous acetone or with ether-alcohol as solvents The process 
of solution consists, firstly, m the absorption of the solvent by the 
mtro-cellulosc accompanied by the dispersion of the resulting gel , 
secondly, m a change m the already dispersed gel, which may be 
ascribed to a change m aggregation of the particles With ethei- 
alcohol mixtures, the absorption of solvent with resulting swellmg 
of the particles and decrease in volume of the surroundmg fluid 
continues tor some time even after primary dispersion has occurred 
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Various additions to nitro-cellulose solutions have been proposed, 
but they have proved of little value or interest from the point ot 
•\iew of artificial silk production 

Spinning — ^There are two well-known processes of coagulating 
ffie thread produced from mtro-cellulose solutions, viz , {a) wet 
spinnmg process, coagulating by liquids , (fi) dry spmning process, 
coagulating by evaporation of solvent The latter process is the 
one now in most general use, but the former is oi interest from 
the colloid point of \iew, as it enables a comparison to be made 
in respect of the foimation and cross section of threads produced by 
two entirely difteient methods^® 

[a) Wet Spinning Piocess — In this process a relatively dilute 
solution of nitro-celluIose (10 per cent ) is spun into water or dilute 
acid, etc ^ The thread tliereby, as in the cuprammonium and viscose 
processes, is to a certain extent permanently j^ed on issuing from the 
]et or jets, and the coagulum being fairly dilute the shnnkmg on 
drying is large and results m a considerable contraction, giving a 
thiead possessing a star-shaped cross section and so havmg good 
covering power 

By spinning into dilute alcohol, the hardenmg of the surface layer 
is prevented and the gel-thread shrinks at the same rate and produces 
a cylindrical thread 

(h) Dry Spinning Process — In this process a strong solution (18-25 
per cent ) is expressed from suitable glass jets into a current of warm 
air , by this means the circumference of the thread is not fixed before 
the interior has solidified The cross section of such threads is of a 
kidney shaped contour Such a thread has less covering power, but 
otherwise has proved to be satisfactory At the same time it is 
necessary to allow the e\ aporation of the solvent not to be too rapid 
either by controlhng the temperature of hot au (45° C to 70° C ) or the 
speed of spinnmg, and at the same time to control the moistuie so as 
to prevent the deposition oi condensation of moisture m the thread 
whereby a dull thread is produced By slow evaporation of the 
solvent at the start, the moisture first deposited in the thread is 
removed by the time coagulation is completed, and the thread is soft 
and lustrous 

Solvent Recovery —The recoverj. of the solvents evaporated in 
the dry spinning process is of great importance, as upon its success 
depends the economic working of the mtro-cellulose process The 
ieco\ery of ethei -alcohol was fully investigated durmg the war m 
connection with the manufacture of propellant explosives, and a 
p] ocess was worked out dependmg on the solubility of these vapours 
in cresol One ot the most interesting methods lecently proposed 
IS that of Levy^ who claims the use of activated charcoal as an absor- 
bent for the ether-alcohol vapour 

Denitration —The thread spun from the solution of nitrocellulose 
in ether-alcohol must be converted into cellulose before it can be 
handled as a commercial product Although the exact meclianism 
of the nitration process is not yet completely elucidated^®, yet there 
would seem to be no doubt that the effect of the nitration process 



must, to d ceildin e\tent, depolynieiise the cellulose complex, though the 
depolymeiisation-will be partially masked by the entry of — NOo groups 
The removal, therefore, of the attached — NOj groups will give a 
cellulose of less complexity than the oiigmal cellulose Cellulose 
(regenerated) from its esters dlways exhibits less complexity than the 
cellulose from which it has originated as can be shown by the fact 
that it has a lower viscosity m cupi ammonium solution Various 
methods have been suggested for demtration, but the most success- 
iiil process IS that m which sodium hydiosulphide is used (10 pei cent ) 
at 35° C , whereby the alkaline hydrolysis is slow, easily controllable, 
and involves least attack of the cellulose 

The nitrogen content of the denitiatcd thread cannot be i educed 
below 0 05 pel cent , without destuiction of the thread Besides 
traces of nitiic esters, traces of esteis of sulphuiic acid are left in the 
thread which have been the cause of lotting of the thread developmg 
on storage^* The question of the occurrence and elimination of 
these esters of sulphuric acid has lieen fully investigated in connection 
with the manufacture of nitro-cellulose explosives Their elimination 
lias been veiy laigely eftected bv the steaming stabilisation piocess, 
pnlpmg and poaching of the nitro-ccllulose, methods which cannot 
be adopted in the case of artificial silk manufactuie Evidence tends 
to show it IS necessary to hydrolyse these esters so that most of the 
combined sulphuric acid, which leads to mstability in explosu es and 
acid tendering m the silk, is eliminated, leaving a residue which does 
not give rise to these objectionable defects®® The cause of the 
development of these acid patches in artificial silk, aftei the alkaline 
denitiating process it has imdcigonc, must be ascribed to insufficient 
washing after mtiation, or wasliing with water containing calcium 
salts whereby unstable and insoluble salts arc adsorbed within the 
thread and gradually decompose giving rise to free siilphniic acid 
The difficulty with w'hich sulphuric acid is entucly eliminated from 
cellulose textiles is well known, and must be ascribed to the formation 
of a sulphunc acid-cellulose adsorption compound 

After treatment — ^The demtrated silk is soiued, bleached, stretched 
and dried m the usual manner 

(c) Vtscost, Proct,i,i, 

At the present time the greater portion of the world’s annual 
production (approximately 10,000 tons) of artificial silk i produced 
by the viscose process Several descriptions of the mam lines of the 
piocess have been puhhshcdi®’®!, but as these descuptions are lackmg 
in those details winch aic not only of interest fiom th" pc ’t of view 
of coUoid chemistry, but are also important for the success woi king 
of the process, it is necessary to describe the different opeiations specially 
mvolv''ed at some length 

Raw Materials — Viscose can be made from any form of cellulose, 
but for artificial silk manufactuie only bleached sulphite wood-pulp 
and cotton have been successfully employed {cp , page 51) 

The bleached sulphite wood-pulp cellulose used must be almost 
free from lignm®^* and colouring matter, and must bo only bleached 



itly thal its content of oxycellulose is low (as indicated 
3r reduction figure) — and by the Cross and Bevan test — 

- of «-cellulose should be at least 80 per cent In cotton 
test c'-cellulose is usually of the order of 95 per cent 
he cellulose in wood pulp is similar in constitution to 
IS still an open question, but in the writer’s experience 
eem to be no doubt that the cellulose complex is more 
highly polymerised in cotton than m wood pulp This is shown by the 
fact that under standard conditions viscoses obtained with cotton are 
always of a higher viscosity than those obtained with wood pulp 
moreover, stronger artificial silk is produced therefrom 

Preparation of the T iHCOse Solution — ^The preparation of the viscose 
solution involves three distinct operations, viz — 

{a) Mercensation , 

(b] Xanthation , 

[l) Mixing and ripening 

[a] Mercensation — ^The cellulose whether in the form of w'ood-pulp 
sheets or combed cotton fibre is immersed in aqueous caustic soda 
(17 5 per cent ) at normal temperatures for three to six hours, 
whereby the threads or fibres aie completely swollen The excess 
of liquor is pressed out and the cellulose-soda complex disintegrated 
to a bredd-crumb like mass having a surface about three-and-hali 
times tha+ of the oiiginal pulp This mass is usually kept loosely 
packed u'l hins at 20° C — 25° C for 24 to 72 hours, whereby the 
cellulose-soda complex undergoes a change, oxygen being absorbed 
from the arr The cellulose is depolymerised and the viscosity of the 
resulting viscose influenced, so that by the regulation of the time and/or 
the temperature of this so called mercensation any viscosity of viscose 
made therefrom required within limits can be produced In practice 
most wood-pulps require about 50 hours at 23° C to give a solution 
of suitable viscosity foi spinmng, and to enable a satisfactory thread 
to be produced It has been found that the oxygen absorption can 
be accelerated by the presence of catalysts in the form of certam 
metallic oxides or hydroxides 

(b) Xanthation —The mercerised alkali cellulose is next treated 
in a revolving drum with carbon disulphide whereby the bread- 
crumb-hke material is gradually (churned) converted into a yellowish 
brown rul ber-like mass In practice it is very important that the 
xanthation iprocess should be stopped ]ust befoie the whole mass tends 
to lose its individuality and become one solid gelatinised mass From 
experimer ' ca ried out by the writer it seems that the viscosity of 
the resul , at viscose to a certam extent depends on the stage at 
which xanthation is stopped, lower viscosity values bemg ob tamed 
in\ariably when the cellulose xanthatc is “ over-chumed ” During 
xanthation there is a distmct rise in temperature (about 10° C to 12° 
C ). and at the same time oxygen is bemg absorbed The carbon 
disulphide is distributed between the cellulose-soda complex and the 
fr^e soda As the ceUulose xanthate is formed, or as more and more 
eSg molecules enter the cellulose aggregate, the tcmpeiature rises 



which causes some of the cellulose xanthate to decompose, CSj bemg 
split off and combmuig with the free soda to foim thio caibonate.’y 
sulphide, ete , hence the importance ot stopping the “ churnmg ' ' 
process as near as possible to the stage when the maximum oi 
xanthation has talcon place with the mimmimi formation of bj-'’ 
products 

A lecent patent^ has claimed the use of a so-called colloid mill 
whereby the cellulose, soda and carbon-disulphide are brought into 
such intimate eontact (colloidal) that a purer viscose is formed fit? 
from thio salts and does not require ripemng {see below) , and is supposed 
to give silk havmg improved strength and dyemg propeities 

(c) Mixing and Ripening — The cellulose \anthate is dispersed m 
weak caustic soda solution whereby the lubbei-like solid gelatinises 
and gradually passes into solution m a few hours The solution 
thus obtained is carefully filtered two or thiee times during the 
ripenmg period and then is ready foi spinning 

Refeience has already been made in the Second Report to the 
iipening of viscose, but the phenomenon is not discussed in detail 
As pointed out above, cellulose xanthate itself undergoes decomposition 
almost as soon as it is foimed, especially with a use in tempciatuie 
^Mien the cellulose xauthate is dispersed m the caustic soda the 
change docs not cease but continues all the tune, the rate of di - 
composition (hydiolysis) being mcicased by a use and decriased by 
a tall in tempeiature To a certain extent this change is hydrolytic 
the xanthic lesidues being gradually split off fiom the cellulose 
aggregate, so that the ratio of cellulose to siilphui giadually increases 
till no combined sulphui is left Before howcvei, this stage is 
reached, the whole mass would gel owing to the diminishing solubility 
of the lower \anthates in the soda solution In practice, therefore , 
it IS essential to spin the solution at such a stage that the lesultant 
silk has the dcsiicd piopeilies from the miiiufactuung point of 
view Generally, for a new viscose the cellulose sulphur = 1 75 
CfiHioOs 2 S, while at the spinning stage, i e , aftei iipenmg rellulose 
sulphur = 3-4 2S 

Many patents have been taken out foi additions to the viscose 
solution w'hich arc cither supposed to confci some special property 
on the resulting aitificial silk oi to dispense with or shorten the ripening 
period , in actual pi actice, how'cver, these additions are of little value 
It is of mtcicst how'evei to summarise some of the various additions 
that have been suggested and the effects produced by them as they 
throw some light on the changes that viscose undeigocs in ripening 

Addition Effect Produced 

Extia caustic soda No specific cllcct 

Sodium sulphate No specific effect, the ultimate solidification 

of the viscose takes place sooner ow'ing 
to the salting out effect of the salt 
Ammonium sulphate Neutralises the caustic soda, and diminishc s 
the solubility owing to formation ot 
ammonium cellulose xanthate 
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, Addition 
Glucose or othei hydrovyl 
compounds 
Urea and cyanamidc 

Sodium sulphite 


Effect piodnced 

Greatly accelerates the rate of decom- 
position of the cellulose xanthate 

Preserves the viscose, retarding the rate of 
decomposition 

Retards the rate of decomposition of the 
cellulose xanthate 


Sodium cellulose xanthate is an unstable colloidal body reverting 
to cellulose hydrate The means by which it is decomposed in practice 
mto cellulose hydrate — artificial silk — ^wiU. be discussed in the next 
section, but it seems that the changes that it undeigoes in ripening 
are very complex, and cannot wholly be ascribed to the simple hydio- 
lysis of the cellulose xanthate by caustic soda 

Spinning — ^Thh earliest patents dealing with the spmning baths 
for the preparation of artificial sdk from viscose emphasised the 
necessity for spinning the viscose at a definite stage m its composition, 
whereby it was claimed the best silk was obtained The object for 
this lies m the fact that the higher the degree of xanthation, that is 
the more there are of CSg molecules combmed to the cellulose, the 
more soluble is the cellulose xanthate, consequently its precipitation 
or coagulation m the form of a permanent thread will largely depend 
upon the strength of the coagulating agent This coagulation can be 
effected in thiee ways — 

(1) By salt baths , 

(2) By changing the sodium cellulose xanthate into a less soluble 

compound , 

(3) By decomposition of the xanthate mto cellulose hydrate 

The first two methods are only of scientific interest, as all the 
present manufactming processes are based on the third method 
It might, however, be mentioned that a salt bath throws down the 
cellulose xanthate when new m a snspensoid state which only slowly 
coagulates on standmg Ammonium and zinc sulphates will give the 
insoluble ammonimn and zinc cellulose xanthate, and although the 
formation of the former compound served as the basis of the original 
process of manufacture of artificial silk from viscose in this countiy, 
Its use was soon abandoned 

Decomposition of the xanthate is effected for spinning puiposes by 
means of acids or acid salts whereby cellulose hydrate is duectly 
regenerated With a new viscose even a strong acid acts but slowly 
owing to the very highly dispersed condition of the cellulose xanthate, 
so that it IS almost impossible to spin a new viscose of a high degree of 
xanthation Gradually, however, the viscose in ripenmg reaches a 
stage w'here it can be fixed or coagulated suffiaently to be diawn away 
from the jets Generally viscose can be spun after a ripenmg period 
of 30 to 140 hours, at 17“ to 20“ C , with acid ranging fiom 20 to 8 per 
rent JIaSOj This, of course, only refers to the actual coagulatmg 
action of the acid, as acid alone is nexei used, but always a mixture of 
sulphunc acid and salts wuth or without organic additions The function 
(b 34-254)z f 



of the salt or salts is to restrain the violence of the acid coagulation o 
the thread sufficiently to allow it to be spun successfully 

It might be mentioned here that three other factors necessarily 
ha\ e to be considered in relation to the coagulating effect of the acid, 
etc, namely, the temperature of the spinning bath, the length of* 
immeision ot the spun thread from the oiihcc of the jet to the point 
at which it leaves the bath and the speed at which it is drawn through 
the bath The correlation of these factors uitli the hj^drogen ion 
concentration and the coagulability of the different salts used would 
jirobably explain the specific differences claimed foi the ver;y empirical 
baths set foith in the patent literature It is obvious that the longer 
the spinning bath acts on tlie thread, either by i ariations in the length 
of immersion or in the speed of spinning, the greater will be the 
fixing effect The usual spinning speed in the Topham* spinning 
process is from 30 to 45 metres per minute, while the immeision can 
1 ange from 2 5 to 25 cm varying with the deniei required and with 
the individual piefercnces of different firms (a recent patent has claimed 
a speed of 76 meties per rainute«*®) Another interesting direction in 
uhich viscose spinning baths have been developed is in the addition, 
of ccitain organic compounds to the bath, which cxeit a very beneficie 
effect The most usual organic compound used is glucose but an,, 
^iigai or hydroxyl compound seems suitable The function of the 
01 game compound in the viscose spinning bath has been explained in 
many different ways, and the case of the use of glucose may be 
speciall 3 , discussed®’^ The amount used is geneiallj, between 8 to 10 
])ei eent , m presence ot 8 to 10 per cent sulphuric acid and 12 to 
1 4 per cent sodium sulphate Primarily the glucose may be said to 
act mechanically by mterfciing with the action of the acid m so tar 
as its fixing effect is conceincd, and also possibly osmotieallv by 
hindering the penetration of the acid througli the initial film of 
cellulose hydrate formed at the jet It has also been claimed that 
glucose keeps the thread moist and so prevents crystallisation of the 
sodium sulphate within the pores of the thiead before it is reeled 
into skeins It may also increase the solubility of the gases of 
decomposition in the spinning bath so that a thread free trom any 
pitting effect is obtained Undoubtedly, the effect of its addition to 
the spinning bath has been of very great importance m the spinning of 
viscose, as it has enabled a moie flexible and less haish thread to be 
produced 

There is also a connection between the composition of the spinning 
bath, tempt! aturc and the rate of decomposition of the thread, r e , 
cellulose xanthate — cellulose hydrate It is generally found best 
to carry out the spinning at 35 to 45° C as at tins temperature 
spinning can be effected at a reasonable commercial spted It 
IS, however, very noticeable that the coloui of the spim thread 
after leavmg the spinning bath changes sharply from yellow to 
white when the temperature of the spinning bath exceeds 55° f 

* In the Topham piotess the thiead is spun and drawn off by a glass pulley 
and transferred through a funnel into a centrifugal revolving at 2500-3000 r p m , 
by which means tjie thread is coiled and given the necessary twist 
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xt a spinning speed ot 35 meties per minute It is well-known that it 
IS quite possible to spin a thread which is quite soluble in water diiectly 
after spinning although il becomes insoluble (irreversible) on standing 
Presumably, therefore, there is a definite temperature at which the 
"thread is completely decomposed or lendered insoluble for any given 
set of spinning conditions (uumeision, rate of spinning, composition 
and temperature of bath, etc ) 

Besides the addition of organic compounds to the bath reference 
might be made to patents which have been taken out for using baths 
such as ha\e been desciibed but also contaimng small quantities of 
zinc sulphate It is claimed that the addition of /me sulphate m 
quantities not exceeding 1 per cent has a consideiable effect in in- 
creasing the diy strength of the thread The reason foi this is not 
obvious, but the explanation may be found in a modification of the 
film of cellulose initially formed at the ]et whereby ceitam different 
osmotic effects, from those obtained when zinc sulphate is not picsent, 
are brought about The property ot films m Mu nascendt are unknown , 
differences in tenuity, permeability, etc , may easily be brought about 
by small diffeiences m composition of the spinning bath which may 
profoundly modify the properties of the finished thread 

Reference has already been made to the production ot fine filaments 
of artificial silk (from 0 5 to 2 demers per filament, mde p 54) from 
cnprammonium solutions by drawnng out a coarse thread Hitheito 
the production of such fine threads by the viscose process has not been 
possible commerciall}' but in a recent senes of patents^® Bronnert 
has desciibed methods whereby such fine filaments can be produced 
merely by the use ot spinning baths of special composition Hitherto 
the chief difficulty m spinning fine counts with riscose has been the 
lack of elasticity of the initial thread formed at the ]et especially 
if the slightest tension is put upon it m attempting to draw 
it out To oveicome this Bionncrt proposes the use of baths of 
sulphunc acid of such a conccntiation that they are inversely 
proportional to the squaie root of the deniei In the first of the senes 
of patents (Bnt Pat 163817) he claims baths containing 360 grams 
NIa2S04 pet litre with 120 to 140 giams HjSO* for 7 5 demers per 
filament, 170-190 grms H3SO4, foi 4 demers, 250-280 grms HgSO^foi 
2 demers, the rate of spmnmg (40 to 50 metres per minute), size ol let 
orifice (0 1 mm diameter) and age of viscose (90 hrs ) being the 
same m each case It is also claimed that a similar effect is also 
obtamed without the salt (Bnt Pat 166931), while in a third patent a 
mixtuie of ammonium sulphate and sulphuric acid is employed, the 
ammonium sulphate bemg present m an amount equivalent to hall 
its weight ot sulphuric acid and inversely pioportional to the square 
root of the density In several other patents the same prmciple is 
claimed, in some cases the acid vaiymg and in others certain special 
organic additions being claimed 

According to statements made by Bronnert in the patents finer 
threads are obtained with stronger acids, because the mitial tendency 
if the viscose is to form globular diops owing to its superficial tension 
i Upon seizing and drawnng out this drop the precipitating power in the 
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bath has a coagulating effect The skin which is thus formed on the 
outside surface of the thread is the less absolutely resistant the sm^ei 
the surface which is in contact with the acid, i e , the finer the thread is 
If, however, higher concentrations are used in spite of its small super-^ 
ficial area the correspondmg film or skin apparently acquues a sufficient 
tenacitj to be spooled mthout breakage, the optimum concentration 
of coagulant being obtained in accordance with the relationship 
referred to above This discoveiy is of great interest as indicating 
a definite relation between surface foimation of thread and concentra- 
tion of coagulating agent and illustrates how the quantitative study 
of colloid precipitation has led to the solution of a technical problem 
which has been the subject of investigation by manufacturers for several 
years 

AJier-treatment of the 'ipim thread — ^The thread after spinnmg is 
washed free from acid and dried under tension whereby the lustre is 
obtained This lustre is roughly proportional to the stretch given to 
the thread, and is limited by the power of the individual filaments to 
stand the stram Generally it is sufficient to prevent the threads 
contracting on drymg {Vide also p 54 ) 

The thread after drying is desulphiiiised, bleached, soured, washed 
and dried 

{d) Cellulose Acetate Process — ^Attempts to utilise cellulose acetate 
for the manufacture of artificial silk have been frequently made during 
the past twenty yeais, but hitherto the commercial development of 
this process has not proved successful From the chemical point of 
view it resembles the nitro-cellulose piocess in that the thread spun 
consists of a cellulose ester, which is subsequently hydrolysed to 
cellulose h 5 ,drate If the thread of cellulose acetate could be utilised as 
such it would be mfinitel37 superior in strength to any artificial silk 
manufactured, but unfortunately the very propel ty that confers on 
the cellulose acetate its superior strength, owing to its being practically 
waterproof, renders it almost incapable ot being dyed by the ordinary 
dyeing methods Hence arises the necessity for the complete or 
partial removal of the acetyl gioup 

Preparation of the cellulose acetate and its solution — A veij' complete 
bibliography of the methods of making the different cellulose acetates < 
has been compiled by Worden ^ Cotton is used as the raw material 
and IS acetylated by means of acetic anhydride m the piesence of 
d suitable catalyst The differentiation of the cellulose acetates depends 
on differences in their solubilities m acetone and chloroform , such 
differences in their solubility can be brought about by the so-called 
hydration of the acetate, either during the process of "acetylation by 
warming the acetylating mixture at a certain stage or by subsequent 
hydrolysis treatment The effects produced bv this hj dration process 
would seem to indicate that to a certain extent hydroxyl gioups replace 
acetyl groups in the cellulose complex, whereby an alteration in the 
solubility of the acetate is produced 

After the acetate has been freed from the acetylating mixture, ^ 
IS dissolved m a mixture of organic solvents, as, for example, a mixtuw 
of methyl alcohol and tetrachlorothane Numerous mixtui es of solveng 
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have been patented and then: success depends on then: cheapness and 
the ease with which they can be recovered 

As in the case of other solutions of cellulose or its esters the viscosity 
of the solutions thus obtained depends \ery largely on the previous 
breatment of the cellulose, the conditions of acetylation and hydration 
[vide above), and also on the composition of the solvent,** but provided 
standard conditions are adopted for the solvents, a relation is traceable 
betu een the other factors and the strength ot the finished product 

Spinning — The spmning of cellulose acetate is usually effected 
by the wet spinning process, that is to say, the cellulose acetate is 
projected into baths of suitable organic liquids which piecipitate the 
thread and retain the solvent , aqueous baths, alkalme and acid, 
have been employed There is at present httle information available 
on the settmg and coagulation of the thread, though the general 
considerations connected with the spmning of celMose solutions, 
already summarised under the other processes, apply in the case of 
this process 

After-treatment — ^The after-treatment of the cellulose acetate 
thread depends on the properties required of it Any treatment which 
partially or completely removes the acetyl groups depolymenses the 
cellulose complex [cp denitration, p 57) and so reduces the strength, 
but the dyemg properties then become similar to those of the viscose or 
cuprammonium threads Thus for partial sapomfication the use of 
alcoholic soda or thiocj'anate solutions has been suggested*^ In a 
recent paper*® Briggs has maintamed that such methods of partial 
saponification can be so regulated that a thread consistmg of an outer 
layer of 20 per cent of regenerated cellulose and an mner core of 65 
to 70 pel cent unaltered cellulose acetate can be obtained This 
method would seem to have effected an alteration in the proportion 
of free OH groups within the molecule, which, according to Sproxton, 
may also condition the solubility properties of cellulose esters ** 

General properties of artificial silk 

The properties by which the value of artificial siUc for textile 
purposes is judged may be summansed as follows — 

(1) Tensile strength (dry and wet) and elasticity 

(2) Lustre 

(3) Softness 

(4) Evenness 

(5) Covering power 

(1) Tensile strength or tenacity and elasticity — One of the most 
impoitant properties of artificial silk is its strength or tenacity on 
which depends its weavmg properties and durability The chief aim 
of the artificial silk manufacturer is to produce a sdk with the maximum 
strength and elasticity 

The relation of the strength and elasticity to the size of tliread and 
number of filaments has been carefully studied by Dreaper and Davis*® 
who, as a result of their researches on cuprammonium silk, found that 
the tenacity of the thread mcreased as the size decreased, whilst 
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its elasticity diminished . moieover these effects were increased with 
an increase in the numbei of filaments A.s a conclusion of their work 
they put foiwaid the theory that, each individual filament must 
possess a skm and the strength of this skin and the relation of the 
surface of this skin to the cross-sectional area of the thread determines" 
the strength, being greatest when the proportion of skm is greatest, 
and diminishing as the proportion of skin area decreases The 
elasticit}! will be least wdien the proportion of skm area is greatest, 
and will increase as the proportion of skm area diminishes According 
to Herzog and Jancke as a result of Rontgen laj examination, artificial 
silk consists of an megulai felted mass of crystalline fragments ot 
unchanged cellulose 

Whatever view is accepted as to the structure of the artificial 
silk thread, manufacturing expeiience has shown that the strength 
depends on the original cellulose used and the preliminary treatment 
to which it is submitted {cp p 51) the solution pi ocess, the composition 
of the spinning bath used, the fate at which the thread is coagulated 
and the degree of stretching of the spun thread As has already been 
mentioned, artificial silk produced from cotton has generally been 
found to give the best results 

In the following table are given the results of tenacity and 
elasticity tests of some typical samples of artificial silks manu- 
factured by the different processes 


Strengths of some Aitificial Silks made bv difereni Processes 


Process 

Raw Material 

DryTonacity 

W etXenaoity 

Fxteiision 

Cupi ammonium 

Cotton 

Gianis 
per denier 

1 3+ 

Grams 
per deniei 

0 =) 

Per cult 

12 5 



2 ^e^ 


14 1 

Nitro cellulose 


1 4t 

0 3fi 

7 5 



1 48^ 

0 31 

15 5 


Wood-pulp 

1 40t 

0 53 

17 0 


1 75t 

0 75 

14 0 



1 30^ 

0 17 

13 3 

Natmal Silk 


2 S 

2 n 

21 0 


The changes effected m cellulose in the manufacture of artificial 
silk undoubtedly can influence the strength of the finished product 
favourably or otherwise, but little information is available as to the 


* Iho lecent patents taken out by Bronnert for the production of fine 
filaments from viscose largely depend on the formation of a strong skin wlncli 
will enable the thread to withstand the pull on it during spooling after being 
coagulated m the bath Hitherto the ordinary spinning batlis have not been 
able to give a film of sufficient strength to enable fine filaments to withstand the 
strain of spooling 
t Wilson 

j Dreaper and Davis 
§ Tests earned out by the author, 1931 





influence of any one factor directly on the strength, though certain 
generalisations can be made 

Tims the viscosity of the various solutions used for spinning 
„artifLcial silk is undoubtedly a criterion of the quality of the thread 
produced therefrom, it being generally admitted that a considerable 
fall in viscosity connotes a like fall in strength of the artificial silk 
pioduced therefrom 

Again the rate of coagulation of the thread by the different baths 
to a large extent determines the tenacity and elasticity of the 
finished pioduct 

The influence of the stretching process on the strength of aitificial 
sflk shows, as might be expected, that increased stretching gives a 
slight increase in tenacity at the expense of the elasticity The usual 
practice is to carry the stretching process far enough to give the 
lequired lustre It is interesting to note that if considerable tension 
be put on the thread between the pomt of emergence from the 
spinning bath and the spooling or coiling box, the strength of the 
thread can be similarly increased at the expense ot its elasticity, 
due undoubtedly to the fact that, at this stage, the thread is in the 
gel condition and is thus very susceptible to tension 

So fax mention has only been made of the dry strength of the thread, 
but one of the greatest disadvantages of artificial silk has been the 
great reduction in strength (approximately 60 pei cent ) it undergoes 
on wetting In the case of artificial silks having a low dry 
tenacity the percentage decrease in strength on wetting is even 
greater Generally it has been found that low wet tenacity values 
coincide with exceptionally low viscosity solutions 

The great affinity cellulose in all forms has for moisture suggests 
that a cellulose-water complex may be formed of little cohesion, 
for when the water is replaced by formaldehyde (sthenosmg*) or 
acetyl or nitro groups enter the molecnle the cellulose or its ester is 
partially or completely waterproofed, and has a much higher tenacity 
(dry an& wet) 

(2) Luitre — ^The effect of the stretching process on lustre is very 
great If spun artificial silk is not stretched, but allowed to dry 
completely, so that the thread is allowed to contract as far as it will, 
it is found that the product is lustreless It would, therefore, appear 
that this IS due to the breakmg up of the surface of the thread so that 
the light IS scattered, while in stretching the lustre of the thread is 
produced by the tact that the hght is reflected from the surface In 
this connection it is interesting to note that if the thread is trans- 
parent in appearance it is much less lustrous, though it may have been 
sti etched as much as another thread not so transparent, but 
possessing more filaments to a given size of tliread and being more 
regular in diameter 

* The ‘ sthenosmg ’ process — condensation of artificial silk with formal- 
dehyde — ^has been the subject of several patents (Beltzei 8ih Ini Con^r Ap-hl 
Chem IVA, 7-2l ) The treatment increases the dry and wet tenacity of the 
thread, but alters its dyeing properties 
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(3) Softness — ^The softness of the finished artificial sillc depends 
almost entirely on the flexibihty of the thread and on the number of 
filaments to a given size, the larger the number of filaments the greater 
the softness The number of filaments that go to make up the, 
composite thread is limited by the practical difficulties of spuming 
Usually the average is practically one filament to every eight deniers, 
though with the Thiele cuprammonium process {vide p 55) an artificial 
silk has been spun m which the proportion was one filament to 
0 5 denier 

(4) Evenness — By the evenness of aitificial sdk is chiefly implied 
its dyemg evenness, though it may also refer to tne evenness with 
which the threads take up salts from solution, eg, for the loading 
of the thiead m incandescent mantle manufacture 

Pne of the great difficulties found with artificial silk is its 
susceptibility to changes m evenness owing to slight modifications 
in the manufacturing process 

(a) Dyeing Evenness — ^It is not proposed here to discuss the theory 
of the dyemg process m relation to cellulose which has already been 
dealt with from the pomt of view of colloid chemistry in previous 
reports,^® but only to mdicate briefly how variations m the dyemg of 
artificial silk may arise in manufacture 

As a rule regenerated cellulose has a greater affinity for all classes 
of dyestuffs than ceEulose, e g , cotton, while those processes of manm 
facture which involve the use of less highly polymerised celluloses 
(wood-pulp cellulose as opposed to cotton) or of more drastic 
chemical leagents deviate most in dyeing affinity from ordinary 
cellulose Thus demtrated cellulose artificial silk has a greater 
affinity foi basic dyestuffs than either viscose or cuprammonium 
artificial silk This is partly due to the nitration piocess per se and 
also the subsequent denitration process Viscose artificial silk again 
has a greater affinity than cuprammonium artificial ^dk for such 
dyestufis, but if made from cotton it more nearly resembles the 
cuprammonium product m dyeing properties “ 

With regard to other classes of dyestuffs differences between the 
processes are not quite so noticeable, but nevertheless intrinsic 
differences in artificial silk made by the same process and even in some 
cases from the same batch of solution are observable when variations 
are made m the spinning baths, e g , whether there is a difference m 
dyemg affimty for certain specially sensitive cotton dyes of cupram- 
monium silk spunm an acid oi an ffikalme bath Various other modi- 
fications m the piocess add to the total effect m causing variations in 
the evenness of different batches of silk, hence it has been found essential 
in practice to pay the greatest attention to small details m the process 
used to ensure that the product is made under such standard conditions 
that it dyes evenly 

Such differences m the dyemg properties of the finished artificial 
silk must actually he due to variations m the adsorption capacity of 
the thread caused by differences m the surface of the thread and 
thickness of the individual filaments 



Attention might be drawn to the work of Minajeff who investigated 
the distnbution of substantive and sulphide dye^uffs on cuprammo- 
nium artificial silk, Muller and Slassarski who investigated the 
behaviour of cuprammomum artificial silk and crystal violet and 
Clement who compaied the dyemg behaviour of artificial silks made 
by the nitro-cellulose, viscose and cuprammomum processes and 
ascribed the differences found to the content of oxyceUulose, and m 
the case of the nitro-cellulose product also to the residue of nitrogen 
always remammg after denitration ® ‘ 

More recently Wilson and Imison have studied®^ the evenness of 
viscose artificial silk to the various cotton and sulphide dyestuffs at 
present on the market, and classified the dyestuffs according as they 
dyed viscose artificial silk, as even, moderately even, and uneven They 
ascribe the differences in evenness to dyeing to especial sensitiveness 
of certain dyestuffs as well as to small vanations m the viscose 
piocess 

So far no mention has been made of the dyeing affinity of cellulose 
acetate silk, thoilgh an allusion was made to the pioblera involved 
{ude-g 64) and to processes involving the complete or partial removal 
of the acetyl groups {vide p 65), so that the thread becomes more like 
cuprammomum sdk in Its dyeing affinities Briggs^* (/oc ), however, 
pomted out that special dyestuffs and methods of dyeing can be used 
for dyemg cellulose acetate and referred to the woik of Clavel who 
has developed the technique of dyeing cellulose acetate in Switzerland 
Thus, for instance, cellulose acetate thread adsorbs the primary ammes 
and simple aminoazo compounds with avidity, the adsoibed base can 
be diazotised iw s\lu and the dyestuff developed by coupling with 
suitable compounds 

The behaviour of cellulose acetate is, therefore, quite different 
from that of the other silks, and the problems involved m the develop- 
ment of its dyemg capacity may throw qmte a new light on dyeing 
pioblems 

(6) Salt Absorption — The Adsorption properties of artificial silk 
aie of considerable interest in connection witli the manufacture of 
incandescent mantles, as it has been found that such mantles are 
tougher and more elastic than natural fibres Unfortunately, mantles 
made from artificial silk do not absorb such large quantities of rare 
earths from solution and do not shnnk enough Nevertheless, 
artificial silk has been and is largely used and methods are bemg 
patented for ovei coming the difficulties of adsorption ® 

(5) Covering Power — Reference has already been made to the 
differences produced m artificial silk by the various piocesses due to 
the use of one or other types of spinning bath From the weaver’s 
pomt of view one of the most important properties of artificial silk 
IS its covenng power {i e , maximum covering capacity for minimum 
weight of thread) This wiU obviouslji depend on the cross sectional 
area of the individual filaments, and on the number of filaments which 
go to make up the composite thread The latter condition {cp 
Dreaper and Davis^®) has a practical hmit for the manufacturing 
processes adopted, though modem methods of manufacture are 



tending to allow an inciease of the number of filaments to a given size 
Provided other properties of the silk are the same, the variations m 
the spinning baths suggested and patented have been introduced 
largely with the object of increasing the covering power of the 
thread by alteiing the rate of setting or by increasing oi diminishing 
the pull on the thread during spinning, or in other words effecting 
modifications in the thread while in the gel state 

Thus in the case of cuprammomum artificial silk spun in a soda 
sugar bath, the cross section of the filament is spherical , in the case ot 
viscose in an acid bath cylindrical, but in an acid and salt bath the 
sphere is corrugated , with the addition of glucose the section is rendered 
elongated and crinkled In the nitro-cellulose process, a thiead having 
a kidney shaped section is obtained with a smooth outline, while m 
the case of the finest artificial silk made from viscose or cuprain- 
monium the threads aie oval in section 

All these cross sectional areas aie conditioned by the coagulation 
of the gel whether cellulose hydrate or cellulose estei 
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Castor oil, relaxation tune of III, 
110 

Catqlase bibliography of, II, III 
colloidal nature of, II, 143 
estimation ot, II, Ilf 
m milk 11, 111 

Catalysis extent of surface for, IV , 333 
theories of, II, 143 145 150 
Catalysts activity of IV, 327 
colloidal metal sols, IV, 328 
enzjmes as, II, 143 
finely-divided metals, IV , 32b 
finely-divided metals on supports, 

IV, 330 

foimation of hydrides or oxy hydrides 
by, IV, 338 

formation of organo-metalho com- 
pounds by IV , 341 
inorganic, II, 143 
poisons for, IV, 335 
stimulants for IV, 336 
supported, IV, 335 
vulcanisation IV, 368 
Catalytic dehydrogenation, IV, 332 
hydrogenation, colloids in, IV, 327— 
346 

theories of IV, 336 338 
Cataphoiesis, 1, 32 , II, 26 37 , III. 
3 . IV, 23-33 
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Cataphoresis, relation between cIlcIii- 
cal endosmobc and, IV, 2S 
theory of, IV, 25 

Cathode rays, coloration of minerals by 
IV, 39 

Cationic solutions IV, 23 24 
Cattle dips V, 40 44 
Ceara iiibbei See Riibbei 
Ccladonitc IV, 236 
Cell membrane bibhogi apliv of 11,135 
nature and permeability of II, 
122 

struetuie of, II, 128, 135 
nucleus, II, 121 

LelK, I upper fill ocvinidi pieparalion 
of, II, 125 

obsei ration for the iiltra-iiucioscope, 
HI, 34, 36 

physiological letion of iDialis on, 
II, 130 

action of anaesthetics on II, 130 
135 

action of drugs on II, 130 
tree electrolytes in II, 125 
energy relations in II, 121 
necessity of potassium salts for the 
hfo of, 11, 141 
osmotic pressure in, II, 124 
peimeabihty of, I, 85 II, 126 
pernie,abihty of to acid and alkali, 
II, 124 129 135 
living, phagocytosis by II, 131 
lesistance of to e'lcitricity II, 
125 

staining of with dyes II, 121 
secieting aetion of drugs on, II, 126 
permeability of, II, 133 
Celluloid colloidal chemistry of, I, 84 
constitution of III, 85 
manufaetnre of III, 83 
saturation by gases, IH, 46 
specibc giavity of III, 83 
Cellulose aeetates, II, 62 

preparation of solutions V, 64 
viscosity of, I, 4 
action of hglit on, II, 60 
action of ozone on II, 60 
alkah, V, 59 
double reli action of, V, 25 
esters, II, 62 , 111,31-90 
bibhogriphy. III, 89 
solvents foi. III, 84 
structure of. III, 88 
formates II, 62 
hydrolysis of by acids II, 59 
meicensalion of. V, 59 
methylated II, 62 
nitrate, peptisation of, II, 2 
nitrates, II, 61 
viscosity of, I, 4 
nitration of. III, 82 
phenylated II, 62 


Cellulose silk fiom, V, 51 
size of molecules of III, 87 
solution of. m ammoinacal copper 
solution II, 57 V, 51 
solvents for II, 57 
stiueUirc of II, 54 III, 86 90 
swelling of IH, 53 59 
vacuum distillation of III, 87 
varnishes HI, 1 12 
xanihate V, 59 

Cement clinker, constitution of I, SI 
kilns recovery of potash from gases 
bom, IV, 165, 171 
Portland plasticity of mixtures of 
sand and III, 117 
use of clays m preparation of. III, 
151 

setting and hardening of I, 78-82 
testing of with dyes I, 80 
use of casein as, I, 71 
Cementation of sediments I^^ 208 
Cementite IV, 33 38 
CcHtoma iiliqua Sot I oeust bean 
Coimm salts, tanning with I, 17 
Chain compounds as lubricants IV, 
198 

Chalcedony lead and ziiie ores in 
mixtiues of c^uartz and IV, 209 
optical properties of IV, 223 
svnthesjs of, IV, 219 
Chalcocitc IV, 209 
Chamois leathci I, 13 
Chamosite, IV, 238 
Chaicoal, adsorption by, I, 11 33 
of cthci-alcohol v apoui, V, 57 
of gases H, 153 
of oxvgen and nitrogen IV, 49 
iniiml, adsorption of eaibon dioxide 
by, IV, 275 

as a petroleum lefinei, III, 93 
effect of on the conversion of urea 
into ammonium cyanatc 11,148 
as support IV, 331 
Chiese II, 115 
inalysis of, II, 115 

Chemical constitution, influence on 
lubneatmg qualities, IV, 195 
surface tension and V, 35 
Cliernr gum I, 58 
Chert IV, 224 

China wood oil, emulsifying powei of, 
III, 103 

surface tension of III, 105 
Chloramines V, 37 

Chlorides estimation of, nephclometri- 
cally IV, 23 

Chlorination of river water III, 43 
Chlorine absorption of, by earth, III, 
44 

latent heat of, IV, 87 
smoke clouds of IV, 183 
Chloroform combination of albumin 
with, I, 68 
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Chlorofnun combination of haimo 
globin with 11, 153 
solubility of kephahn in II, 129 
Chlorophyll assimilation in plants II, 
148 

colloidal assimilation of carbon 
dioxide by III, 43 

Cholic acid, jelly formation of V, 24 
Chondrin, I, 77 

Chrome green, suspensoids in III, 112 
Chi ome logwood ink V, 49 
Chromic oxide collagen compounds of 
V, 19 20 

tanning With 1,12 

Chromium h>droxide action of alkali 
on mixtures of feinc oxide and 
H, 14 

instability of, lu ammonia IV, 18 
peptisation of, I, 16 , II, 3 
salts action on gelatin, I, 75 76 78 
Chromosomes II, 121 
Chrvsocolla IV, 241 
Chrysophenine colloidal nature of, 
I, 29 

Churning, physical conditions of II, 
100 

Ciders green siekness. of I, 40 
Cinchonine pcptisition of II, 2 
" Cissmg ' V, 45 
Clausius' equation IV, 57 
Clay, definition of the term III, 114 
particles, supposed stiuctiiro of, III, 
12b 127 

pastes III, 117 118 
alkalmitj of III, 149 
slips in, 117 118 
fluidity of, III, 121 
leinoyal of water and alkalies from, 
III, 119 

■viscosity of III, 120, 121 
substance. III, 114 
true III, 114 144 
ware casting of III, 147 
drying of III, 137 
Clayite III, 114 , IV, 235 
Clays III, 113-154 
absorption of water by, HI, 117 133 
action of electrolytes on, III, 119, 120 
action of humic substances in de- 
position of IV, 208 
action of taiiinn and alkali on, HI, 
121 m 151 

addition of colloids to HI, 131 
addition of electrolytes to mi-rtnies 
of graphite and III, 120 
addition of glyceiine and oils to, 
III, 125 

addition of organic putrefactives to, 
III 150 

addition of sand or giog to HI, 132 
adhesion of. III, 133 
adsorption by 111,122,151, IV, 209 
ageing of. III, 131 139, 147 148 


Clays, alumnio-silicic acids in HI, 1 1 5 
141 143 

as soaps HI, 153 
ball, HI, 145 

bending moment of, HI, 134 137 
bmding power of III, 133 134, 152 
brick HI, 114 145 
capillar j phenomena of HI, 123 
casting and covering articles in 
III,' 119 

china in, 142 145 
clarifying power of III, 122, 151 
colloidal alnmina in III, 140 
colloidal feme hydi oxide in, III, 140 
colloidal in asphalt III, 100 
colloidal organic matter in III , 1 4 1 
colloidal properties of 111,115 141 
colloidal silicates in 111,139, 141 
coUoids in HI, 129, 139 141 
conditions of formation of, HI, 142 
constituents of IV, 235 
containing fatty acids, saponification 
of, by alkalies HI, 1-12 
crushing strength of HI, 134 
defloccuUtion of HI, 119 
deli-vdiation of 111,134 
deteigent piopcrties of HI, 53 
Devonshire ball, HI, 143 
dewateimg and purification of II, 
42 49 

disintegration of by alkalis HI, 120 
diy absorption of water bv, HI, 135 
diving of III, 146 
effect of bacteria in, HI, 115 128 
eldsticitj ot HI, 138 
estimation of colloids in HI, 116 
extensibility of HI, 117 
extrusion of. tlirough dies, HI, 152 
fat HI, 134 
fire HI, 145 
fissile HI, 138 
flocculation of 11, 77, 80 
fractionation of HI, 114 
grinding of HI, 131 
hard weathering of, IV, 208 
in agriculture, HI, 152 
keeping of m China, HI, 148 
laminated HI, 138 
latcnte, III, 116 
lean III, 134 
London HI, 126 
miscibility of HI, 119 
mixed tensile strength of. III, 138 
mixtures of bitumens and. III, 95 
99 101 

peptisation of II, 5 
permeability of III, 123 124 
plasticity of, HI. 115, 124-134, 147 
porositv of III, 123 
punfication of, III, 145 
sectility of III, 138 
separation of silica from in hydio- 
chloric acid solution 111,146 
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Clays, shaley, III, 138 
shiinlcage of. III, 135 
size of particles of. III, 122 
sources of, III, 142, 144 
souring of III, 131 147 149 150 

sticliiness of III, 126 
suspensions of in soap solutions, 
in, 27 

technical applications of the colloidal 
proxiertios ol III, 145 
tensile stiengtli of III, 134 138 
theories of constitution. III, 116 
torsion of III, 133, 137 
toughness of, III, 133, H7 
unctuousness of. III, 137 
viscosity of III, 121 
water of formation of. III, 118 
weathering of III, 148 
Cleanser soaps III, 24 
Cliacliite, IV, 227 

Cloth, use of clays m fulling, III, 151 
Cloud particles, diftusion of, IV, 140 
electric charge on IV, 155 
settling of. IV, 141 
sinking of m air, IV, 130 
size of, rv, 179 
Clouds curus, IV, 179 
concentration of IV, 126 
dehiiition of. IV, 122 
formation of, IV, 178 182 
optical pioperties of, IV, 146 
Coagulants effectiveness of electro- 
lytes as, rv, 9 

Coagulation, influence of the conceii- 
tiation and liydiation on IV, 10 
m silk manufacture, V, 53 57 61 
of colloidal solutions, IV, 5, 8 
of colloidal suspensions, IV, 207 
of colloids by electrolxrtes IV, 31 
of milk II, 97, 98, 102 
Coagulum, III, 69, 70 
Co il, bituminous, mist formed by gases 
from, IV, 165 

dust e-vplosions, IV, 161, 162, 165 
formation of IV, 218 
gas, washing of, IV, 167 
pulverised, III, 97 IV, 163 
separation from mineral matter, V, 
43 

smoke density of IV, 127 
in the atmosphere IV, 176 
suspensions in oil, IV, 381 
Cobalt ovide, peptisalion of, II, 3 
sulphide, solubility of in acids, IV, 
18 

Cochlospermum jossypium, gum from, 
I, 58 

Cod-liver oil emulsions, II, 20 
Coehn's law, 11, 29 . Ill, 48 
Coherers, action of, IV, 274 
Cohesion, calculation of, IV, 57, 59, 
83 

definition of IV, 40 


Cohesion, leiatiun of compressibility 
to IV, 56 

relation of latent heat of vaporisation 
to IV, 45 

specific 111 relation to the latent 
heat, IV, 55 

variation with tempeiature IV, 57 
Collagen I, 5, 75 , V, 13 31 
bibliography V, 19 30 
compounds with chiomium oxide, 
V, 19 20 

constitution of, V, 13 
double refraction of V, 24 
growth in healing wounds V, 24 
of sinews, V, 30 
swelling of. III, 53 , V, 22 
Collodion in photography, III, 80-82 
membranes, I, 86 II, 128 , III, 
12 

nitrogen content of, III, 81 
relaxation time ol. III, 110 
stability of, III, 82 
viscosity of, I, 4 
Colloidal electrolytes III, 2 

particles adsorption sheath round, 
IV, 8 

Brownian motion of, in gases, IV, 
132 130 

calculation of the chaigo on, IV, 
29 

charged coagulation of by electro- 
lytes, IV, 31 

\elocity of. through a liquid, 
IV, 25 

diffusion of. III, 38, 39 
mobility of, IV, 26, 28 
motion of, in an electric field IV, 
23-33 

oscillation of III, 39 
refractive index of. III, 35 
size and structure of, I, 4 , III, 
32 

weighing of IV, 30 
solutions application of Stokes' law 
to. Ill, 34, 36, 38 
cataphoresis of, I, 32 
classification of, II, 7 
coagulation and peptisation of IV, 
5, 8 

emulsoid, I, 32 

preparation of, by peptisation, II, 

removal of impurities from, II, 139 
solubility, absorption and evolu- 
tion of gases in. III, 41-48 
suspensoid, I, 32 
Tyndall beam in III, 32 
ultra-microscopy of. III, 31 
with gas continuous phase. III, 38 
with liquid continuous phase. III, 
34 

with solid continuous phase, III, 
32 
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Colloidal suspension"!, flocculation of, 
IV, 207 

systems in crystalline solids IV, 
33-40 

theory of I, 31 

Colloid null tor viscose formation V, 60 
Colloids, addition of, to clays III, 131 
adsorption of dyes by IV, 211 
adsoiption of electrolyte-- by II, 138 
anionic and cationic solutions of, IV, 
23 24 


as addition agents IV, 347 
biochemical relation of to electro- 
lytes, II, 137 
charges on II, 13, 14 
dehydiation of IV, 212 
determmation of the hygioscopicity 
of, IV 212 

diftcrentiation between ciystalloids 
and I, 31 

diffusion of. through clav menibianes, 
III, 123 

effect of on precipitation of mineral 
matter I, S3 

electuc-il charge on, III, 48-51 
bibliography of. III, 50 
emiilsoid adsorption of salts by II, 
140, 142 

imbibition of II, 121 
swelling of, II, 140 
estimation of. in effluents, II, 95 
estimation of, in soils 11, 78, 80 
filtration of III, 67 
hydration of, II, 128 , III, 19 
in boor III, 44 
in clays III, 129, 139 
estimation of, III, 116 
111 soils I, 86 

estimation of, IV, 21 
injection of after loss of blood, II, 
134 

ionisation of, III, 49 
loss of absorptive powei of, III, 129 
mutual coagulation of, I, 54 , II, 16 
organic hydration of II, 38 
peptization of by water, IV, 14 
separation and estimation of IV, 
19 

osmotic piessure of, II, 133 135 136 
positive, precipitation of, by i8-iays, 
II, 12 

precipitation of by electiolytes 
11,8 

prevention of coagulation of, I, 78 
protective, I, 14, 11, 4, IV, 14, 
207, 208 

for caibon suspensions IV, 381 
influence of, m dyeing I, 34 
in ice-cream, 11, 116 
theoiw of, I, 10 
viscosity of I, 2-5 
VISCOUS, structure of, III, 88 90 
Collophane IV, 242 


Colophony formation of emulsions by, 
III, 109 

preparation of dyes from III, 109 
Colorimetry IV, 22 
Colouring matters in ciystallme mine- 
rals IV, 39 

Combustion mixture for sniohe pro- 
duction, rV, 185 

Comet, foiination of the tail of a, IV, 
149 

Compressibility of liquids rV% 5b 79 80 
Conciete plasticity of III, 117 
Concretions oxigm and growth of IV, 
213 

Condensation of gases and \ apours IV, 
122 157 

Condensers double reflecting, III, 36 
smgle-reflectmg, III, 35 
Condenser water as an emulsion II, 20 
removal of oil from, I, 40 
Congo-red, aggregation of anions of, 
III, 3 

colloidal nature of, 1, 29 III, 2 
constitution of, I, 25 
osmotic pressure of solutions of II, 
134 135 IV, 121 
Contact angles IV, 289 324 , \ , 2 
measurement of IV, 291 
of mineials IV, 290 
Copal varnishes relaxation in III, 110 
surface tension of V, 8 
Copper atomic structure of IV, 344 
blue gelatin. IV, 347 
bright IV, 346, 349 
colloidal, II, 7 

dehydrogenation by, IV, 333 
electrolytic crystal structure of, IV, 

finelv-dmded, as catalyst IV, 330 
particles effect of electrolytes on the 
mobility of, IV, 31 
separation of zinc and, IV, IS 
smoke precipitation of, IV, 170 
Copper alloys with aluminium IV, 36, 
38 

carbonates and oxtdes froth flotation 
Of V, 43 

fenocyamde membianes II, 125 
128, IV, 115, 120 
pret ipitation of II, 10 
yvashmg of II, 5 

hydroxide ammonia solutions, V, 
S2 55 

precipitation of IV, 17 
oxide peptisation of, II, 3 
salts action of albumin on, I, 68 
sulphate, diffusion into barium ferro- 
cyamde V, 27 
effect of m flour 111,72 
Copper logwood ink V, 49 
Copper ores,, flotation of, IV, 270 
Cordite abnormal volatility of 111,89 
Cork powder in explosives, I, 84 
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Cornitc I\,241 

Cosmetics use of tragacanth in prepar- 
ation of 1 , 57 

Cotton absorption of acids and alkalis 
by. I, 24 

kbres, action of alkalies on II, 58 
chemical constitution of II, 54 
properties and development of, II , 

mercerised prepaiation and proper- 
ties of II, 58 
mtiation of III, 81 V, 56 
physical and chemical properties of 
III, 61 

scouring oi II, 67 
silk from, V, 51 
Cottrell ]irocess, IV, 169 172 
Coulomb's theory IV, 188 
Cream irtificial II, 107 
formation and viscosiU of, II, 99 
homogenised, II, 99, 106 
Cresols, emulsions of, II, 20 
Ciistohahte, development of in used 
silica bricks IV, 217 
Crucibles for steel-melting III, 138 
plumbago See Plumbago 
Crystalline liquids See Liquids 
solids colloidal systems in, IV, 13-40 
Crystallisation and gelatimsation V, 25 
of metals IV, 353 

Crystalloids differentiation between 
colloids and, I, 81 
diffusion of through cla> membi ines 
III, 128 

pcnncability of cells to II, 125 
Cijstals adsorption of oiganic com- 
pounds by, IV, 211 
colouiing matters in IV, 39 205 
bquid III, 20 
structure of, II, 58 IV, 8 
Curd of milk, II, 103 
elastieitj of II, 115 
Curd soapis III, 24 

Cyanamide decomposition of m soils 
II, 78 

Cyclolin, III, 104 


Dairy chennstiy, colloids in, II, 96- 
117 

Decolourisers for petroleum distillates 
III, 98 

Deflocculation of ores, IV, 807 
D^gras I, 14 
Delvaiixite IV, 210, 242 
Demidov ite, IV, 241 
Dendntes classification of IV, 215 
Demers, V, 53 

Density of a liquid and of its vapour 
rv, 52 

Desaigm, I, 68 

Desulphiinsation of petroleum dis- 
tillates, III, 95 


Detectois action ol IV , 274 
Detergents, use of clays in the manufac- 
ture of III, 153 

Developers action of, on gelatin III, 
79, 80 

alkaline reduction of silv'ci halides 
by III, 79 

effect of, on colour oi the image. III, 
78 

Development of div plates III, 74 
77, 79 

Dew point method of determining 
osmotic pressure III, 9 
Dextran I, 62 
Dextrin I, 51 

evolution of gas from solution^, of 

III, 46 

in beer III, 44 
solubUitv of gases m, III, 43 
technical applications of, I 52 
Dextiins as semi-colloids. III, 8 
Diadoohitc, IV, 210, 242 
Dialysis I, 85 
Diaphragm currents II, 27 
Diaphragms, porous passage of liquids 
through II, 27 

powdered substances as 11,80 
Diaspoie, IV, 226 
Diastase of gum arable, I, 58 
in flour 111,73 
Diffraction haloes IV, 147 
size of particles by, IV, 144 
Diffusion of smoko particles m gases, 

IV, 140 

size of pai tides fiom their IV, 144 
through clay membi anes 111,123 
Digestion, effect of alcohol on, II, 
147 

Dimethylbutadiene IV, 375 
Diphenylchloroarsmc smoke fiom IV, 
124, 184 

Diphenylmethane dyes V, 16 
Dirt action of soap on, III, 26 
Disinfectants V , 37 
Disintegiation of liquids and solids 
rv, 124 , 

Disperse phase m rolloids 111,31 ■ 
systems in gases IV, 122-185 

chemical properties of, IV, 159 
concentration of, IV, 126 
diffusion and stability of, IV, 
140 

electrical pioperties of, IV, 151 
formation of, IV, 122 
industrial applications of, IV 
163 

mechanical properties of, IV, 
125 

movements of particles in IV, 
128 

optical properties of, IV, 145 
size of particles in, IV, 148 
theimal properties of, IV, 150 
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"Dispersion of colloidal solutions III, 
31 

of particles in gases IV, 143 
Dispersoids, gaseous, I'V, 122 
Distemper use of casein as a I, 71 
Divmyl preparation of and conversion 
to xnbber, I, 4 t 46 
Dolomite, IV, 215 

Dough changes in condition of III, 
66 

properties of, III, 71 
Driers, III, 105 

Drop weight method ot surface tension 
determination, III, 15 
Diops, weight of falling V, 7 
Drugs, action of on tells, II, 126, 
130 

electro-osmotic infiltration of. II, 45 
ropiness in infusions of I, 62 
Druses chalcedony in IV, 220 
Drying of cKvs III, 135 136 
Dupre's hypothesis IV, 46 
Dust amount of in nir IV, 126 128 
atmospheric, composition of IV, 
177 

distnbution and effects of IV, 174, 
182 

* inhalation of IV, 151 
calcareous, IV, 155 
deposition influence of heating of 
rooms on, IV, 151 
electrification of IV, 155 
explosions, IV, 159 
pressures developed by IV, Ibl 
prevention of. IV, 162 
haze IV, 174, 182 

production of, by grinding IV, 124 
removal of, by settling, IV, 166 
siliceous IV 155 

Dusts, industrial, classification of, IV, 
160 

inflammabilitv of IV, 160 
Dyeing I, 20‘-38 

of artificial silh V, 68 
theories of , 1 , 20 , 11,68 
Dyes, action on bacteria V, 36 

aetton on cell protoplasm II, 121, 
123, 128 

adsorption by clays, III, 122, 151 
adsorption by colloids, IV, 211 
adsorption bv paper II, 138 
aniline I, 23 

behaviour of various artificial silks 
with, V, 69 

capillary ascent of I, 37 
colloidal nature of I, 28 
diffusion of, I, 26 
through clay. III, 123 
influence of protective colloids on, 
I, 34 

oiganic, testing of cement with, I, 80 
purification of, II, 47, 52 
Djsoaseose II, 103 


Earth absorption of chlorine bv IH* 
44 


Earths rare, coloiation of flnonte by 
IV, 39 

washing nitrate precipitates of II, 5 
Eartlienware mannfactnrc of III, 
151 

Ebonite IV, 366 

Echinoderm eggs electric il i ondiic- 
tmtv of, II, 135 

Effluents estimation of colloids m II, 


estimation of gases in III, 44 
oily clarification of b\ means of 
clays HI, 152 
satisfactory, II, 84 

Egg cells, conductivity and pei meability 
of on fertilisation, II, 126, 127 
Egg white, constituents of, I, 67 
precipitation by lanthanum salts, II , 
139 

purification, of I, 67 
specific gravity of I, 68 
Egg yolk, I, 69 

Fggertz's method of carbon estimation, 
IV, 35 33 

Einstein formula for viscosity I, 2 5 
Elaidin formation of IV, 337, 342 
Elasticators IV, 376 
Electric discharge between metal elec- 
trodes IV, 128 

brush, m electrostatic piecipitation, 
IV, 157, 169 

Electrical adsorption, II, 138 
charge on colloids III, 48-51 
conductivity and permeability II, 
126, 135 

of flames IV, 154 
of soap solutions, III, 8 28 
double layer II, 28, 32 
endosmose, II, 26-39 
apphed to brick-makmg, II, 45 
bibhography II, 38 
dewatering clay by II, 42, 49 
dewatenng peat by II, 40, 47, 48 
impregnation of timber bv II, 45, 

industrial applications of II, 39-52 
in local an-esthesia, II, 46 
patents for II, 47 
1 elation between cataphoresis and 
IV, 25 

tanning by, 11, 44 47 50, 51 


theones of, 11, 32 
field, effect of, on disperse particles 
m smokes IV, 144 
neutrahty of suspensions, II, 12 
Electricity, atmospheric IV, 179 
resistance of living cells to II, 125 
Electro-deposition of metals IV, 346- 
356 

addition agents in IV , 347 
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Electio deposition, bibliography 
355 

improved tbrowmg-pow er i 
351 

Electrolytes action of on clay 
119 120 

adsorption of, by colloids, II, 
biochemical colloids and, II, 
coagulation of colloidal solutic 


of IV, 
in IV, 
rs. III, 

138 

137 

ms by, 


colloidal III, 2 

effect on mobiliH n£ coppoi particles 
IV, 31 

effect on piotoins V, 16 
effect on \ iscosity of soap solutions, 
III, 12 

flocculation of clays by II, 77, 80 
free, m cells II, 125 
precipitation of colloids by, II, 8 
Electrolytic analysis colloids in IV, 
354 

ions mobilities of IV, 28 
refining, colloids in IV, 355 
Electromotn e force at membranes, IV, 
115, 116 

Electronic charge, value of the IV, 137 
Eleotro-osmometei 11, 31 
Electro-osmosis I, 75 
in clay-workiiig III, 119 145 146 
Electroplating colloids in IV, 355 
Electrostatic precipitation, IV, 127, 
128 

Cottioll process, IV, 169, 172 
of air, IV, 182 
Eleotro-stenolysis, II, 37 
Electrostiiction, IV, 352 
Electro-therapeutics II, 45 
Embrocations use of egg yolk in manu- 
facture of, I, 69 
Emulsification, II, 18 21 

efficiency of agents for II, 114 
Emulsifying agents use of, in paint 
gnndmg III, 1.12 

Emulsin colloidal nature of, II, 143 
150 

Emulsion definition of the term, II, 16 
Emulsions, II, 16-21, 120 122 
action of acids on, II, 100 
aeration by, IV, 314 
bibliography II, 20 
formed by varnishes III, 107 
mobilities of IV, 28 
natural IV, 204 

oil, chaige on particles of, IV, 29 
oil- water reversal of phase in, II, 127 
persistent, formation of, in refining, 

in, 9fa 

photographic, IH, 75, 77 
technical importance of, II, 20 
Emulsoids, distinction between sus- 
pensoids and. III, 87 
in biochemistry II, 139 
Emulsoid sols viscosity of, I, 3 4 


Enamels, livenng of III, 111 
Energy changes in celE II, 121 
Enzyme action, I, 85 
Enzymes, bibliography II, 150 
colloidal properties of II, 143 
in bread and flour, III, 73 
mechanism of the action of, II, 143 
of gum arable I, 53 
of milk II, 107 
slowing of action of II, 146 
symthesis by II, 149, 150 
E6t\os equation IV, 54, 97 
Equation of state, van dei Waals’, IV, 
45 47, 67, 68, 79, 83 
Equilibria at membrane surfaces iv, 
114-121 

at plant membranes, IV, 116 
bibliogiaphy, IV, 121 
Frythene and its homologues, prepara- 
tion of, and conversion to rubber, 
I, 45 46 

Erythrodextrin I, 52 
Esters as lubucants, IV, 198 
Ether-alcohol absorption by chareoal, 
V, 57 

Ethyl alcohol, action of charcoal on the 
equilibrium of acetic acid with, II, 

complex molecules of IV, 88 
dehydration of IV, 338 
debydiogenation of, IV, 342 
mixtuies of ether and, as solvents, 

III, 84 

mixtures of toluene and, as solvents 
foi nitrocellulose III, 85 
Etliylenic compounds, hydiogenation 
of, IV, 327 330 332 
Ethyl ether mixtuies of alcohol and, 
as sohents III, 84 
Eucalyptus oil in froth flotation, IV, 
269 

Evansite IV, 242 

Evaporation of liquids by spraying IV , 
140 

Evolution of gases fiom colloidal 
solutions III, 44 

Expansion coefficient of liquids IV, 
83 

Explosions, dust IV, 159 
Explosives Tutro-cellulose, colloidal 
chemistry of, I, 82-84 


Fabrics, showerproofing of, V, 45 
Fat, in bread and flour. III, 74 
in butter, II, 99 
in milk and cream, II, 97, 98 
Fats, emulsions of, II, 20 
saponification of, IV, 258 
Felspar as a source of clays, III, 144 
plasticity of, on tieatment with 
water III, 128, 131 
I* citing of wool fibres, II, 64 
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Fermentation, colloid chemistry of, I, 
38-41 

Ferric chloride, slow hydiolysis of 
solutions of rV, IS 
hydroxide, colloidal in clays 111,140 
precipitation of II, 11 
preapitation of pioteins with, 

precipitation of colloidal silica 
by III, 140 

sols traces of feme chloride in 
III, 49 51 

soliibilit-v of gases in III 43 
ovide action of alkali on mixtures of 
chromic oxide and II, 14 
coloration of red zircon by, IV, 39 
mineral forms of, IV, 228 
suspensions of, in soap solutions, 
III, 27 

Ferrite, IV, 33 

Ferrous ammonium sulphate as a heat 
filter. III, 39 

Fibres, textile See Textile fibres 
vegetable, natuie and properties of. 

Fibrin I, 86 

swelling of, II, 142 III, 53, 58 
Fibroine, II, 65 
Ficus elnshca, IV, 359 
Filtci paper, black, foi white dispeise 
systems IV, 126 
capillary attraction of, I, 34 
colloidal properties of IV, 15 
size of IV, 15 

size of pores m. III, 68 , IV, 126 
press electro-osmotic II, 42, 50 
for separation of water from clays, 

ni, 152 

Filters bag IV, 167 

collodion membrane IV, 23 
earthenware, foi grading micions 
III, 54 

boat, tor ultra-miciostopy of smokes, 

m, 39 

sand, II, 90 91 95 
Filtration grading of micions by. III, 
34 


of an, IV, 181 
of colloids, III, 67 
ot precipitates, IV, 15 
of smokes, IV, 167 
Finishing II, 69 

use of dextrin in, I 52 
Fireclays, III, 145 
Fischcrite IV, 242 
Fixateiu for colloidal fuel III, 97 
Flames, conductivity of, IV, 154 
luminosity of, IV, 154 
Flavine V, 36 
Flax, mucilage from, I, 61 
Flint, banded structure of IV, 215 
black, IV, 225 
origin of, IV, 225 


Flocculation, effect of an -bubbles on, 
IV, 277 311 
of ores, IV, 307 
of smokes IV, 141 157 



Flotation au films m IV, 271 
apparatus for IV, 268 
concentration of inmerals by IV, 
263-326 

froth, apparatus for IV, 268 
of minerals IV, 303 
reagents foi, IV, 269 
influence of grease on IV, 264 
of flocculated particles IV, 310 
of metal-bearing oies III, 125 
of one liquid on another IV, 301 
practice of IV, 320 
reagents for IV, 269 
theory of IV, 290 322 
value of the contact angle in IV, 
292 

Flour, constituents of, III, 63 
enzymes in III, 73 
gluten in, I, 72 III, 69 
nimeial salts m III, 72 
starch m 111,63 

viscosity of mixtures of starch and, 

III, 61 

Floui milling explosive dust in, IV, 
165 

Fluidity of solid surfaces IV, 280 
Fluoeollophane, IV, 243 
Fluorite, eoloiation of, IV, 39 
Fluorspai, luminescence of, IV, 211 
Foam foiination of, IV, 266 
foimation as a measure of wetting 
power V, 42 

Fog-bows, foimation of IV, 146 
Fogs, dispersion of IV, 142 
formation of IV, 175 176 182, 

183 

giound formation of, IV, 123, 150 
stability of IV, 140, 141 
Foods use of gelatin in, I, 74 
Foimaldehyde action of, on gelatin, 
I, 76, 78 

hardening of casein with I, 71 
photosynthesis of, II, 148, 150 
Formic acid catalysis of IV, 337 
Friction external theory of IV, 186 
kinetic IV, 187 
static IV, 187 
Fiog’s heart See Heart 
Froth flotation See Flotation 
formation of IV, 314 
stabilisers, IV, 267 
stability of, IV, 319 325 
Fruit-]elhes, pectins in, I, 60 
Fuel, colloidal. III, 97 , IV, 380-382 
fire-risk of, IV, 382 
properties of IV, 381 
oils See Oils 
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Fuller’s eirth refiniae ol petroleum by 
in, 92 

Fumes, charged particles in IV, 1S6 
Fu7idulHs egrrs of III, 60 


Game IV, 221 
Galactan I, 53 
Galalith I, 71 

Galena flotation of mixtures of blende 
quart? and IV, 266 321 
powdered density of IV, 276 
separation of by flotation IV, 265 
Gdllotanmc acid I, 14 15 
Gariueiite IV, 240 
Gases adsorption of, IV, 274 
by charcoal II, 153 
by nickel catalysts IV, 344 
Brownian, motion of particles in IV, 
132, 139 

condensation of IV, 122 157 
on minerals IV, 277 
dispeise systems in, IV, 122-185 
chemical properties of, IV, 159 
ooncontiation of, IV, 126 
diSusion and stabibty of, IV, 140 
electiical properties of IV, 151 
formation of, IV, 122 
industrial applications of IV, 163 
mechanical pioperties of IV, 126 
movement ot particles in, IV, 128 
optical properties of IV, 145 
size of particles in IV, 143 
thermal properties of IV, 150 
drying of IV, 157 
otfect of colloids on the solubility 
absorption and evolution of III, 
41-48 

estimation of in effluents. III, 44 
interaction of IV, 123 
ionisation of IV, 151 
mobility of, IV, 133 
of blood, II, 151, 154 
poison box respirator for, II, 154 
rate of solution of, in water HI, 47 
saturation of beer with HI, 46 
saturation of celluloid with, HI, 4b 
separation of liquid or sohd particles 
from, IV, IbS 

solubility and evolution of, bibho- 
graphy III, 47 

solubditv of, in salt solutions III, 
43 

transparency of, to light, IV, 145 
transport of, in animal tissues, H, 
151 

Gaslight paper, development of, IH, 
78 

Gas masks, dimming of eyepieces V, 
45 

Gas Shells electrolytic lead in IV, 355 
Gedda-gum, I, 53 
Geddic acid I, 53 


Gelatin, I, 73-78 , V, 13-31 

action of ac'ds and alkalis on I, 7, 
9, IH, 52 V, 16 21 
action of chromium salts on I, 75 
action of e]cctrol 3 rtcs on V, lb, 19 
action of neutral salts on III, 53 
adhesiveness swelling md viscosity 
of I 74 

as an addition agent IV, 347 
bibhography of, V, 19 30 
blasting, 1, 33 84 

changes in the physical condition of, 

III, 46 

coated with shellac abboipition of 
water by III, 108 
compounds of neutral salts with II, 
137 

crystalhsation of V, 25 
emulsions of silver haloids III, 75 
formation of gels of H, 120 122 
imbibition, and swelling of III, 51, 
57 79 

m flotation , IV, 320 
m ice-creun, II, 116 
in photography HI, 79 
isocleotnc point ol V, 14 
jellies structure of, V, 21 
membrane potentials of V, 18 
mixtures of gum arabic and of tannin 
with II, 16 

mutarotation of 111,79 80, V, 15 20 
mutual precipitation of gum arabic 
md, I, 64 

p( ptisation of, II, 2 3 
physical properties of I, h 14-20 
precipitation of V, 15 

from glue bv benzene III, 108 
puiification of, I, 75 77 II, 47, 52, 
V. 14 

reactions of I, 75 

reticulation of in photography, HI, 
60 bl, 79 80 

salts as colloidal electiolytes HI, 2 
solubility Qf gases in III, 43 
swelling of, I, 7-9 III, 51, 52, 
V, 16 20 21 

tannmg of bv developers III, 79, 80 
technical applications of I, 74 75 
viscosity of, V, 23 
Gclatose, I, 75 
Gds, absorption by II, 71 

filamentous structure of HI, 20 
imbibition of, I, 86 III, Sl-fal 
bibhography, HI, 57, 60 
industrial applications. III, 59-fal 
instability of IV, 209 
stratification m, II, 22 25 
VISCOUS, from hemicelluloses I, 63 
Geodes, chalcedony m, IV, 220 
Germicidal activity, relation between 
surface tension and V, 34 
Germicides classification of V, 36 
Geysente, IV, 219 
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Ghatti-gums I, 56 ' 

Glands permeability of cells of II, 

133 

Glass as in insulator IV, 275 

effect of acid on the contact angle of, 
IV, 293 

flotation of in mercury IV, 311 
gold rub-v ultra-microscopv of III, 
33 

heated gases from IV, 275 
natural colouring matters m IV, 
205 

peptisation of II, 2 
plastic material from III, 131 
potential of against water II, 32 
spreading of tripropvlamine on IV, 
193 

Glass-house pots clavfoi 111,150 
Glass wool condensation of water 
vapour on IV, 275 
Glauconite, IV, 236 
Ghadin III 69. 70 
anscositv of solutions of III, 71 
Globulin III, 69 

Globulins compounds of neutral salts 
with II, 137 142 
Glockcriti IV, 242 
I Glucosan from cellulose III, 87 90 
Gluten, I, 72 

artificial milk fioin II, 107 
in bread III, 64 
in wheat flour I, 50 
wheat III, 69 

action of acids and salts on III, 71 
colloidal swelling of I, 16 
deterioration of III, 72 
maturing of III, 72 
swelling of III, 61 
Glutemn III, 69, 70 
Glvccrides emulstflcation of II, 18 
hydiogenatioii of IV, 331, 341 
Glycerine, complex molecules of IV, 88 
contact angle with glass, V, 3 
m soaps III, 27 

prevention of precipitation by II, 3 
surface tension of, V, 8 
Glycogen solubihtj of gases in III, 
43 

Gneiss weathering of, IV, 206 
Goethitc IV, 229 

Gold, colloidal, precipitation of II, 13 
deposits in quartz H, 25 
native deposition of IV, 217 
pamcles flotation of m water IV, 
30 

settlement of III, 36 
size of, III, 37 

sols, negative coagulants of, IV, 13 
precipitation of with stannic acid 
IV, 22 

with ethylmalonate, III, 49 
Gold -washing flotation in, IV, 265 
Gram dust explosions, IV, 162 


Granite, action of water and acid 
vapours on III, 142 
Graphite addition of electrolytes to 
mixtures of clay and III 120 
deflocculated in inks V, 48 
froth flotation of V, 44 
identity of temper carbon and IV, 37 
natice deposition of IV, 218 
suspensions of, in oil or watci III, 
98 

Grease adsoiption of by clavs III, 
122, 151 

contamination of surfaces with IV, 
293 323 

lubiicatmg III, 98 
spreading of oierivator IV, 48 49 
Greenahtc IV, 237 
Greensand IV, 236 

Grinding produitioii of dust bj IV, 
124 

Guaiacol as a membrane IV, 117 
Gnaiacum test for peroxidase II, 107 
Gum acids I, 57 
arable I, 53-56 
as an addition agent IV, 347 
constitution of, I, 53 
detection of I, 53 
enz5rmcs of, I, 53 
estimation of I, 54 
in photography, III, 80 
mixtures of gelatin with II, 16 
osmotic pressure of I, 55 
piecipitation of, I, 54 
technical applications of 1 , 53 
viscosity of I, 53 55 
Bombay I, 58 
British i>ett Dextrin 
cheiTy I, 58 
Hashab, I, 53 
Indian I, 58 
peach I, 58 

Senegal in photogiaphy 111,80 
solutions, ui] action of into blood 
vessels, II, 135 
tiagacanth, I, 57 58 
Gumming of cracked spirit III, 96 
Gums, bacteiial, I, 61-62 

chewing gluten for manufacture of, 
I, 72 

constitution of. I, 53 
insoluble, I, 58 
Gums, ripening of, I, 55 
soluble I, 56 59 
swelling of, m water. III , 53 
use of m the gum bichromate pi ocess, 
III, 80 

Guncotton, manufacture of III, 83 
Gunpowder smoke IV, 183 
Gymnite, IV, 240 


Haemoglobin, adsorption spectra of, 
II, 153 
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Hcpmoglobm combination of chloro 
form and, II, 153 
combination of, with oxygen and car 
bon dioxide, II, 151 154 , III, 42 
iron in, II, 153 
osmotic pressure of II, 139 
Hailstones formation of IV, 17<S 
structure of, IV, 233 
Halloysite, IV, 234 
Hampton doctrine II, 88 94 
Hashab gum, I, 53 
Hatschelc s foimuU applied to 
varnishes. III, 107 
Health effect of smokv atmosphere on, 
IV, 176, 182 

Heart, frog’s, action of ions and lipoids 
on, II, 142 

effect of gaits on H, 126 
Heat, absorption of with increase of 
surface area of liquids IV, 62 
latent, at the boiling point in 
relation to the cohesion, IV, 65 
of liquids and vapours IV, 43 
relation of, to compiessibility, IV, 
79 

tables of and of constants derived 
therefrom IV, 70, 71 73, 81 
of swelling. III, 51 59 
of vaporisation, mteinal latent, 
calculation of IV, 46, 57, 67 
latent relation between cohesion 
and IV, 45 

Heating of rooms influence of on 
dust deposition IV, 151 
Heiuicelhiloses, I, 62-64 
technical applications of, I, 63, 64 
Hepta-(tnbenzoylgalloyl)-/>-lodophenol 
inaltosizone, I, 16 

Heterocyclic compounds, hydrogena 
tion of IV, 327 

Hevea BraMiensts, para rubber from, 
IV, 358, 359 

Hevea latex, composition and proper- 
ties of, I, 41 
coagulation of, I, 42 
Hexamethylenetetramine as a vul- 
canising catalyst IV, 368 
eyefoHexanes, dehydrogenation of, IV, 

cycZoHexanol, catalytic transformation 
of, IV, 333 

Hide powder, absorption of hydro- 
chloric acid bj V, 28 
estimation of tannin by means of, 
IV, 20 

Substance, adsorption of chrome 
liquor by, V, 19, 20 
Hides, action of acids and alkalies on, 
I, 10 

swelling of, I, 16, 18, 19 
Hismgerite IV, 238 
Hdfeinte, IV, 238 
Hofmeister’s senes, II, 140 


Hog gum, I, 58 
Hollandite, IV, 231 
Homoisochemite law IV, 211 
Hooke slaw 111,56 
Hordeum vulgare, peimeabflity of seeds 
of, I, 39 41 
Horn, artificial, I, 73 
substitute for, I, 71 
Horse-chestnut, starch from, I, 51 
Humic acids, II, 74, SO 
Humus, adsorption of, by clays. III, 
122 

estimation of, in soils, IV, 21 
Hyalite in quartz, IV, 220 
Hyaloplasm, II, 123 
Hvdrargilhte, IV, 226 
Hydration, effect of on osmotic 
pressure, HI, 9 
of colloids. III, 19 

H\ drocarbons, saturated, m flotation, 

IV, 320 

non-aeration of water bl, IV, 316 
Hydrocellulose II, 59 
Hydrochloric acid, absorption by hide 
powder V, 28 

diltubion in salted jellies V, 27 
Hydro-electric machine, Armstrong s, 
IV, 155 

Hydrogels, natuial, IV > 205 
Hydrogen combination of oxygen and 
in presence of platinum, 11, 144 
lon^ adsorption of, II, 35 
concentration m nutrient solutions, 

V, 32 

concentiation in the swelhng of 
gelatin V, 16 20 
in clays with reference to plasticity, 
III, 130 

peroxide, decomposition of, in soils, 

II, 78 

solubility in colloids, III, 43 
solubility in silver hyclinsols HI, 43 
surface tension of, IV, 89 
Hydrogoethite, IV, 229 
Hydrolysis determination of alkali of 

III, 31 

of soap solutions, HI, 4 
Hydroqumone, alkaline as a photo- 
graphic developei, HI, 74 
Hydrosols, natural, IV, 205 
Hydroxy-acids as lubricants, IV, 1 93 
Hydroxyl ions, adsorption of H, 35 
m clays with reference to plasticity, 
HI, 131 

Hydrozmcite, IV, 241 
Hydroscopic substances, fuming of, in 
moist air, IV, 123 

Hygroscopicity of colloids IV, 212 

Ice formation of, IV, 178 
glacier, structure of, IV, 233 
Ice-cream, manufacture of, H, 116 
protective colloids m, H, 116 
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Ice cream, use ol homogenised cieam in 
making H, 106 

Ilsemanmte, IV, 205 210 2S3 234 
Imbibition, II, 121 
of gels, III, 51-61 

bibliography, III, 57, 60 
industrial applications III, 59-61 
theories of. III, 54 
Immunity, I, 86 

Incandescent mantles from aitificial 
silk V, 69 

India rubbei Ste Rubber 
Indicators as colloidal electrolytes, 

III, 2 

Indigo, colloidal I, 35 
Infants, asses' milk for, II, 97 
Inflammability of industrial dusts, 

IV, 160 

Inks addition of saponin to, V, 45 
aniline, V, 49 
bibliography, V, 50 
blue-black, V, 48 
Chinese, V, 47 
chrome logwood, V, 49 
colloids in manufacture of, V, 47-50 
coppei logwood, V, 49 
Egyptian V, 48 
Indian V, 47 
marking V, 49 
origin of deposits in V, 49 
safety, V, 48 
silver, V, 49 
Insect paiasites V, 44 
Insecticides wetting power of, V, 44 
Interfacial tension, IV, 281 286 
eftect of pressure on, V, 9 
measurement of, V, 8, 41 
capillary rise method, V, 9 
diop-weight method, V, 8 
ripple method, V, 8 
of bacteria V, 33 
table of, IV, 288 
Interferometer, use of III, 32 
Intrinsic pressure definition of, IV, 
40 

in liquids IV, 94 

Inveitase, colloidal natuie of, 11, 143, 
150 

in flour. III, 73 
lodamincs, V, 37 

Iodine, blue adsorption compounds of 


Ionisation of colloids. III, 49 
of gases IV, 161 
Ions, adsorption of II, 3, 35 
electric charge on IV, 153 
gaseous mobility ol IV, 152 
Hofmeister's series of II, 140 
large IV, 153 154 
interchange of, m solutions IV, 7 
positive and negatxre rV, 152 
precipitating pow er of II , 9 
small IV, 152 153 

Iron ferric, separation of alumimum 
and, IV, 18 

separation of rnth ammonia and 
ammonium salts. IV, 18 
pyrophoric IV, 159 
a iron IV, 33 
7 Iron, IV, 33 

Iron acetate piecipitation of sewage 
colloids with 11,83 94 
alloys with nickel IV, 36 
bacteria II, 95 IV, 230 
carbide IV, 33 

ore, brown, formation of III, 149 
plastic material from HI, 131 
pyrites surface tension of, IV , 281 
mst, suspensions of, in paiaffin li- , 


sihcates, occurrence of in imnerals, 
IV, 236 

sinter origin of, IV, 230 
sulphides mineral colloidal, IV, 233 
tannates m ink, V, 48 
Isinglass, I, 77 
Japanese I, 65 
Iso-colloids III, 98, 103 
Isoelectric point, IV, 31 
Isoprene, preparation of I, 45 
svnthesis of rubbei from, I, 45, 46 , 
rV, 375 

Ivory, substitute for, I, 71 
vegetable, I, 84 


Janus-green B staining of mitochon- 
dria by, II, 121 
Japans, black HI, 113 
Jaundice test for, IV, 265 
Jellies, artificial, III, 96 
bubbles in, 1, 16 

structure of, I, 15, 31, 33 V, 23, 


precipitation of starch with, IV, 21 
vapour optical properties of the 
cloud fiom condensation of, IV, 
146 

Ionic micelle HI, 2 

concentration and composition of, 
III, 10 

conductivity of, III, 11 
existence and properties of. III, 7 
formula of. III, 11 
molecular weight of. III, 11 


Sie also Gels 

Jellyfish action of hydrochloric arid 
on the cells of 11, 124 
Jordisite, IV, 233, 234 


Kamacite, I\ , 36 

Kambara eaith as a petroleum lefiner, 

m, 93 

Kaolinite, IV , 235 
Karyokmesis, II, 121 
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Kcphalin solubihtj of in chlorofoim, 

II, 129 

Kerobene bihavioiir of bauxite vath 

III, 94 

debulpliuribation of III, 96 
Ketone’’, prepaiation of IV, 9SS 
reduction of IV, 327, 330 
KoIUk III, 93. 

Lacquer, Japan III, 107 
Lact-albumin II, 9fi 
Lactabe colloidal iiatme of 11,143 
Lactic acid formation of, in churning 

II, 100 

foimation of in mu'^cle, II, 141 
Laito-globuhn 11,96 
Lactose amylolvtic activation of III, 

73 

Lammana, eSect of baltb on the conduc- 
tnity of, II, 126 
Lampadite, IV, 231 
Lampblack manufacture of IV, 171 
suspensions of in soap solutions, 

III, 2b 

Lanthanum salts, piecipitation of egg- 
white by II, 139 
Lanugintc acid, I, 24 
Latent heat See Heat 

imago in photogiaphy III, 76 77 
Latentes III, 140 IV, 226 228 
Laundry work concentiation of soap 
solutions in HI, 27 
Lava plastic material from, III, 131 
Lead, colloidal II, 7 

clectiolvtic deposition of m gas- 
shells, IV, 355 

eloctiolvtic rcflning of IV, 355 
C’-timation of colornuetiicall>, IV, 23 
pyrophoric, IV, 159 
titration of ivith ammomnm molj b- 
date, IV, 22 
white See White lead 
Lead acetate, action of gum arable 
with I, 54 

lochde stratification of in agar, II, 
24 

oxide froth flotation of V, 43 
peroxide electro-analytical separa- 
tion of, IV, 354 
sulphate, estimation of IV, 16 
Lead drying oils surface tension of 
III, 106 

Lead pencils manufacture of III, 152 
Lead smoke electrostatic precipitation 
of IV, 169 

Leathei alcohol I, 10 11 
alumed I 12 
chamois I, 13 
chrome I, 12, 20 

dressing use of albumin m I, 66 69 
use of fat emulsions m, II, 20 
electrical taunmg of. II, 44, 50 51 
fat-hquonng of I, 14 17 


Loatlier industry imbibition in the, 
III, 59 61 

light stuffing of, I, 14 
liming of I IS 19 20 
oil, I, 13 

production of I 10 
soft I 10 
wlute 1, 12 18 

Leeds smoke mvestigations at I\ , 176 
Lemco broth, variability in V, 34 
Lens grinding, IV, 274 
Lepidocrocite IV, 229 
Leucostoccus mesenierotde’;, ioimation of 
gum bv I, 62 
Levan I 62 

Liesegang phenomenon II 21 26, 

V, 26 

bibliography of II, 25 
Light, action of on silver halides, HI, 

76 77 

reflection refraction and diffraction 
of by clouds, IV, 146 147 
scattering of by the atmosphere IV, 
180 183 

by particles III, 33, 79 
by smokes, IV, 148 

Lime liquors, swelling of hides in, V, 
22 

soaps m hibnoating gieases, IH, 98 
Limestone plastic matenal from IH, 
131 

Limmtc IV, 229 
Limonitc IV, 229 
Linoleum manufacture of, III, 104 
Linoxyn formation and pioperties of, 

IH, 104 

formation of in \aimshcs HI, 107 
Linseed mucilage fi om I, bl 
Linseed oil emulsifying power and 
thickening ot HI, 103 
removal of “ foo+s ” from, IH, 112 
Lipase colloidal natmo ol II, 143 150 
effect ot bile salts on the action of, 

II, 147 

Lipoids in cell membranes H, 128 
physical chemistry of II, 13(i 
Liquids absorption of heat with 
increase of surface area of IV, 52 
capilUnty of IV, 52, 272, 295 
coefficient of expansion of IV, 83 
compressibility of, IV, 56 79, SO 
contact angles of IV, 289 , V, 2 
crystalline, III 20 
density of, and of then \apours IV, 
52 

disintegration of IV, 124 
hydrogenation of, IV, 329 331 
lutertacial tension of IV, 286 288 
intrinsic pressure in, IV, 94 
mixed promoting aeration, IV, 314 
viscosity of, IH, 84 85 
passage of, through porous dia- 
phragms H, 27 



Liquids, pLysical propprties of IV, 40- 
114 

pure electrical eudosmose with II, 
29 

rate of ascent in filter paper V, 5 
relation between emulsifying power 
and wetting power of V, 41 
spraying of into hot gases IV, 
140 

surfaces of, IV, 278 
surface tension of IV, 18 283 284 , 
V, 2 

tensile strength of IV, 41 
thickness of the surface layei of IV, 
47 

use of albumin in clarifying, I, 66 69 
use of gluten in clarifying I, 72 
viscQus stress in. Ill, 88 
■VISCOUS, surface tension of, V, ,8 
yetting power of, V, 38 
determination of V, 40 
Lithiophonte, IV, 231 
Lithopone, opacity of III, 111 
Livenng of mixed paints III, 111 
Locust beans, hemicellulose from, I, 63 
Lozenges use of tiagacanth m prepara- 
tion of I, 57 

Lubricants attraction of to the bound- 
ing surfaces IV, 199 
influence of constitution on the 
qualities of, IV, 195 
mineral oils as V, 46 
static friction of, for bismuth, IV, 

196 

viscosity and static fnction of, IV, 

197 

Lubricating gieases, III, 98 
oils its Oils 

Lubncation theory of IV, 185-203 
wetting power m V, 46 
Lummosity of flames IV, 154 
Lunar haloes IV, 146, 178 
Lutente IV, 221 
Lyotropy of salts II, 139 


Macaroni gluten for manufacture of, 

I, 72 

Macrosomes, II, 121 
Magnesia See Magnesium oxide 
Magnesite formation of, IV, 207 
Magnesium oxide as a catalyst stimu- 
lant, IV, 336 
as support, IV, 330 
mineral fbrms of, IV , 233 
soot deposition of from burmng 
magnesium flames IV, 151 
phosphate colloidal, permeability of, 

II, 130 

sihcates, occurrence of in minerals, 
IV, 240 

Malachite, fibrous IV, 241 

Malt, roasted, melanoidines in, I, 41 


Malt diastase pinihcatiou of I, 40 
Maltase in flour III, lO 
Manganese, coloiation of ainethv'st by, 

IV, 39 

oxides mineral torms of IV, 231 
Mangamte IV, 231 
Mamhot IV, 359 
Mannan I, 64 

Manuies absorption of by soils 11,79 
Marcasite IV, 234 
Margarine II, 112 

as an emulsion II, 113 
manufacture of, II, 112 
structure of, II, 99 
Marking inks V, 49 
Martensite, IV, 34 

Masks for pieripitation ot mokes, IV, 
184 

Mastic, coagulation of II, 10 15 

emulsoid and siispensoxd solutions 
of III, 88 

Meerschaum formation of IV, 240 
Melanoidines m malt 1, 41 
Melanophlogite IV, 224 
Melanosiderite IV, 238 
Melmkovite IV, 234 
Membranes collodion I, 86 II, 128 
III, 32 

colloidal phosphate II, 130 
copper ferrocyanide 11, 128 
equihbna at the surface of, IV, 1 14- 
121 

of organic compounds IV, 117 
parchment II, 128 
plant, equilibria at IV, 1 16 
polarisation of II, 132 
selective action of surfaces, V, 36 
selective permeability of, IV, 115 
scmi-peimeable, II, 128, 137 
of claj III, 123 
Mercorisation, V, 59 
Mercury contact angle with glass, V, 3 
drops, diameter of IV, 144 
diminishing mass of, r\^, 138, 139 
interfacial tension between oil and, 

V, 46 

interfacial tension of water and 
alcohol witb V, 8, 10 11 
surface tension of IV, 74, 87 
Metabrucite IV, 233 
Meta-coUoids IV, 241 
Metalhc fogs III, 76 

fumes Brownian inoveiiieiit m, IV, 
134 

hydrosols, action of protective col- 
loids on, I, 14 
electrical charge on. III, 49 
properties of, I, 31 
puiificntion of II, 47, 51 
size of particles of. III, 37 
hydroxides piecipitation of, IV, 17 
salts, aeration of water by, IV, 
315 



116 


Mt-tdllic salt-., surfaLC tension ot solu- 
tions ot IV, 286 

Metallurgy colloidal s-v stems, in, IV, 33 
Metal overvoltage, effect of colloids on, 
IV, 34S 350 351 
Metals, Bredig solutions of IV, 24 
colloidal, preparation of II, 6 7 
crystal structure of IV, 37 39 
electrical disintegiatiou of, II, 6 
electrolytic deposition of, IV, 346- 

uldition-agents in IV, 347 
bibliography of IV, 355 
finely-divided, hydrogenation by IV, 
327, 328 

on supports IV, 330 
heated gases from, IV, 274 
molten, surface tension of. IV, 56 
peptisation of II, 2 
potential of, iii contact with, their 
own ions II, 32 
protective coatings on HI, 105 
stnietme of, in reference to catalysis, 
IV, 344 

Mctapoctic acid I, 59 
Meteorites, constituents of, IV, 36, 38 
Methasnioglobin, viscosity of, I, 4 
Methyl alcohol complev molecules of, 

IV, 38 

effect of traces of acetone on the 
solvent power of III, 84 
Methyl oiangt, action of, with carbon 
dioxide, III, 43 
Methvl rubber, IV, 375 
Metlivltetrahydiob rephthalate, hydro- 
genation of IV, 313 
Ah Uiylcnc blue action on gcimicides, 

V, 36 

at tion oi milk on II, 109 
Mica, powdeied, plasticity of III, 
127 131 

Micro-dissection, II, 119, 122 
Microns 111,32 34 38 
Micro-organisms, adsorption by, V, 35 
Miorosomes, II, 121 
Milk aniphoteiic icaction of I, 70 
artificial, I, 73 , II, 99, 106 
souring of, II, 107 
asses digestibility of II, 97 
boded, formation of skin on, II, 98 
calcium content of 11, 102 
casein in I, (19 
cellular content of II, 105 
coagulation of I, 70 , II, 97 102 
composition of various kinds, II, 97 
condensed, atomisation of IV, 171 
constituents of II, 96 
cows', addition of colloids to II, 97 
coagulation in the stomach, II, 98 
curd II, 103, 115 
enzymes of, II, 107 
estimation of casein in, II, 101 
fat in, II, 97, 93 


Milk, homogenised II, 105 
pasteiuised detection of II, 107 
peiovidasQ leaction for II, 108 
1 eduction of methylenc-bluc bv II, 
109 

ropiness in I, 62 

sterilised non-coagulatinii of II, 
105 

viscositv of 1,4 

Mills' theory of molecnlai atti action, 

IV, 42 

Mute air, dilution of, with flue gas IV, 
162 

Mineral gels adsorption b\ IV, 210 
Minerals anomalous double lefraction 
of, IV, 216 
colloidal, IV, 217 
colouring matters in, IV, 39 
concretionary and banded structuies 
in, IV, 211 

condensation of gases on IV, 277 
dendritic structure m, IV, 215 
(determination of the gel character 
of IV, 211 

flotation of, IV, 263-326 V, 42 
formation of lodes in, I, 56 
table of contact angles of, IV, 290 
weatheimg of III, 149 IV, 206 
Mineralogy colloid chemistry applied 
to IV, 204-243 
Mirrors silvoiing of, IV, 282 
Mists, dispersion of, IV, 142 
formation of, IV, 178 
ground, formation of IV, 150 
Mitochondria, II, 121 122 
Mitosis. II, 121 
Mobilities, tabic of IV, 23 
Mobility of colloidal pai tides IV, 26 
of gaseous ions IV, 152 
Moellon I, 14 

Molecular association ottcct of on 
surface tension IV, 89 
attraction, IV, 40-114 
radius of IV, 93 
range of, IV, 49 54, 58 
law of IV, 85 91 
theories of, IV, 50, 58 91 
vaiiation with temperature, IV, 
44 

weight relation of to lubiicatmg 
qualities, IV, 197 
Molecules, dianieteib of, IV, 77 78 
long m gels 111, 20 
Molybdenite IV, 233 
Molybdenum oKide, mmeial forms of, 

Montmorillomte, IV, 210, 234 
Moss. Insh, colloidal gel from I, 65 
Motor-cars dimming of wind scieens, 

V, 45 

Moulding, use of gelatin ui, I, 76, 78 
Moulds, in bread, III, 73 
Mucilages vegetable I, 59-61 



Mud piecipitation of bi, sea-water 
11, Z2 

Muscarine, action of on cells II, 130 
137 

Muscle, anaphylactic reaction of, I, 86 
cells condiictivitv of in contraction, 
II, 126 136 
imitation of II, 132 
contraction ot II, 141 142 
elect! omotive phenomena of II, 132, 
13S 136 

striated cttect of water on I, 86 
swelling of, III, 60 

Myosin III, 71 

S-Mvreene, conversion of into rubber 
I, 45 


Nephelonietrv, IV, 22 
Nephiitis I, 86 III, 60 
Nerve, electromotn e phenomeni of, 
II, 132 135 136 
stimulation of II, 131 
Nervdus system, structuie of cells of, 
II, 119, 122 
Neuro-fibnls II, 119 
Nickel, adsoiption of gases bv, IV, 344 
as a supported catalvst IV, 331 
ntomic stiucture of IV, 344 
catalytic activity of various tjmes of 
IV, 334 

dehj drogenation by IV, 332 
finely duided as catalyst, IV, 329 
Nickel alloys with iron, IV, 36 
fluosilicate electiolysis of solutions 
of IV, 3S6 

hydioxide, estimation of tannin by 
means of IV, 20 
suboxide, IV, 335 
theory of formation of, IV, 340 
sulphide, solubihtv of, in acids, IV, 
19 

Nigre, formation of, IV, 252 254 257 

Nissl granules, II, 119 

Nitric acid, dilute, action of on steel, 

IV, 35 

mist precipitation of, IV, 171, 174 
Nitriles, reduction of IV, 327 
Nitio-cellulose colloidal chemistry of, 
I, 82-84 

denitration of V, 57 
preparation of, III, 82 
solutions, preparation of V, 55 
viscosity of, I, 4, S3, 84 , II, 01 , 

V, 56 

solvents foi III, 84 89 
treatment with camphor and alcohol, 
111,83 85 90 

Nitro'-compounds, i eduction of, IV, 

327, 328, 330 


Nitrogeai adsorption ot, bv charcoal 
IV, 49 

solubilitv of m blood and seium, 

III, 43 

Nitrogen oxides hydrogenation of IV, 
327 

Nitroglycenne solution of nitro cellu- 
lose in III, 84 89 
jlJ-Nitrosodimethylanihne as a i ulcanis- 
ing acceleratoi I, 43 
vapom, optical properties of the 
cloud formed bv IV, 146 
^ Nitiotoluene, solution of in carbon 
bisulphide III, 14 

Nitrous oxide, effect of colloids on the 
solubility of III, 42 43 
Nontronite, IV, 238 
Norgine I, 65, 66 
Nucleus of cells II, 121 
Nutrient media hydrogen ion conctn- 
tiation in V, 32 


Obscuring power of smokes IV, 184 
Ocean palaeochemistry of the, II, 141, 

Ochre yellow weathering of, IV, 119 
Octyl alcohol action on growth of 
V^east V, 34 
OEdema, I, 86 III, 60 
Oil-dag Acheson’s, III, 98 

removal of graphite irom. III, 98 
Oil drop method of detei mining the 
charge on ions, IV, 131 153 
drops, ^Brownian movement of, IV, 
135, 136 

cliaiged, fall of, in a gas IV, 131 
emulsions electrical chat ge on parti- 
cles of. III, 50 51 . IV, 29 
films^ V, 43 

fuel combustion of IV, 163 
varnishes linox-yn in III, 105 
water emulsions II, 17 19 20 120, 
127 


Oils, action of with sulphide minerals, 
IV, 325 

adsorption of by clays 111,122 
asphaltic base III, 91 
contamination of water surfaces by, 
rv, 301 , V, 39 

crude colloidal nature of III, 91 
drop number of, V, 44 
drymg. III, 103 

gelatmisation of III, 105 
peioxides in III, 105 
surface tension of III, 105 
thickening of III, 103 
formation of acid tar in. III, 91 
fuel viscosity of. III, 91 
hydrogenation of, IV, 332 
interfacial tension of against mcrcury 
and water V, 46 



OiK, hibncatinn addition of fatty acid"! 
to III, '9b 

refining ot ■« ith soda i\ ash 111,96 
sulphui compounds in III, 95 
mineral, addition of fatty acids to 
V, 4b 

detonation of IV, 124 
emiiKions ot II, 20 
lubricating, ultra-nncroscopa of, 

III, 9S 

iLcovei’ from sand, V, 43 
saponification ot IV, 257 
soaps from, IV, 257 
suspensions ot carbon in III, 97 
IV, 181 

tieatmeiit of skins with I, 13 17 
use. of glim arable in tmiilsif\ing I, 

use ot tragacaiith in emulsifying, I, 
57 

Ole 1C atid hydrogenation of IV, 328 
in flotation IV, 320 ■** 

spreading on water V, 40 
Olein hydiogenation ol IV, 337 342 
tso Olein formation of IV, 317 342 
Ohve oil contact angle with glass V, 3 
spreading oaer water IV, 49 
Opal IV, 205 

anomalous double lefi action of IV, 
2Ib 

coloiii of IV, 210 
optical pioperfic^ of IV, 223 
synthesis of I’V , 219 
Optical rcsonanec of cloud particles 
IV, 147 

Ore deposition gels in i elation to 11,26 
deposits 1 elation of adsorption to 

IV, 209 

silica in IV, 220 

Ores concentration of by flotation 
IV, 2b3 326 
flocculation of IV, 307 
metal-bearing flotation of III, 125 
reactions in deposits of, IV, 208 
volatilisation of metals from, IV, 
165 171 174 

Organic compounds adsorption of by 
crystals IV, 211 
as membranes IV, 117 
membrane permeability for V, 35 
Orthoclase as a source of clays III, 144 
Osniundite IV, 35 
Osmose machine, II, 42 
negative II, 37 38, 39 
Osmotic picssnre in cells and tissues 
II, 124 HI 

of colloids II, 133 135 136 
of pioteins 11,136 
of soap solutions. III, 8 30 
Ossein, I, 78 

OstwaUl’s solubility cocflieient III, 
41 

Oxalates decrepitation of IV, 124 


Oxidase of gum aiabic I, 53 
Oxidases, I, 85 
Oxides, peptisation of II, 3 
Oximes, reduction of IV, 327 
Oxybassorm I, 57 
Oxy cellulose II, 60 
Oxygen, adsorption of by charcoal IV, 
49 

bj hEEmoglobin II, 151 
combination of hydrogen and, in 
presence of platinum II, 144 
solubility of in blood HI, 12 
Oxyhsemoglobin molenilai weight of 
II, 142 

Ozone action on caoutchouc IV, 375 


Paint gimding use ol emulsifying 
agents m, HI, 1 12 
Painting, use of egg white in I, 67 
use of egg yolk in I, 69 
use of dextrin in I, 52 
use of gum arable in I, 53 
use of tragaeanth in I, 57 
Paints in, 102 110 

colloidal properties of III, 112 
diop numbeis of V, 45 
hardening of III, 111 
mixed addition of protective colloids 
to III, 111 

liveiiiig and skinning of III, 111 
old, Clacking of III, 105 
opacity of III, 110 
wetting powci of V, 45 
use of seaweed jellies in I, 66 
Palladium, atomic structure of IV, 344 
black, IV, 328 

native lU position of IV, 218 
sols as catalysts IV, 328 
spongy IV, '328 
as a supported catalyst IV, 330 
Palmetto palm size liom, I, 61 
Palm kernel oil ammonium soaps of 
the fatty acids of, III, 29 
Pan foiination II, 76 80 
Papain, colloidal natuie of II, 143 
Paper, adsorption ot colloidal dy e ions 
by, II, 138 

electrical sizing of II, 49 
manufacture imbibition in 111, 59 
60 

Paralfin oil as a froth stabilizer IV, 267 
emulsification of by soap solutions 
III, 27 IV, 319 
flotation of on water, IV, 301" 
surface tension ol soap solutions 
against, HI, 16 

wax. separation of in petroleum 
distillates HI, 98 

Paramtraiulme reel suspensoid proper- 
ties of III, 112 
Parapectic acid I, 59 
Parapectin, I, 59 



Par-arabin, I, 62 
Para rubber See Rubber 
Parchment membranes, II, 128 
Parhelia IV, 146 

Particles method of weighing IV, 145 
movement of, in an electric field IV, 
157 

size of in gaseous disperse systems 
IV, 143 

Peach gum I, 58 
Peaihte IV, 33, 38 
Peat acidity of II, 75 

dewatering of, II, 40 47 48 
Pectase I, 59 
Peotic acid I, 60 
Pectinogen I, 60 
Pectins, I, 59 
Pectose I, 59 
Peotosic acid, I, 59 
Pelmite III, 114 

Pentane Mills constant foi IV, 44 
Peptisation, II, 2-16 
agents foi, II, 5 
of carbon suspensions, IV, 381 
of colloidal solutions IV, 5 
of precipitates IV, 13 
Peptone, action of with carbon dioxide, 
III, 43 

evolution of gas from solutions of, 
III, 46 

Perborates use of in prepanng soluble 
starch, I, 51 
Permeabiht 3 '- I, 85 86 
action of amesthetics on 11,130 135 
and electncal conductivity, II, 126, 
135 

and nerve stimulation, II, 131 
and secretion, II, 113 
effect of salts on, II, 126 
of blood vessels II, 133 
of the cell membrane II, 122 
bibliography, II, 135 
selective of membranes, IV, 115 
Peroxidase, bibliography of II, 109 
colloidal nature of, II, 108 143 
in milk II, 107 
of gum arable, I, 53 
Pernn s equation III, 3b 
valence rule II, 30 
Petrol engines, condensation of exhaust 
gases from IV, 122 
Petroleum, colloidal chemistry of III, 
91-98 

Clacked purification of III, 96 
distillates action of sulphur on III, 
96 

desulphurisation of III, 95 
lefimng of. III, 92 
separation of paraffin wax from, 
III, 98 

emulsions II, 20 
jeUy, III, 96 

Oil smoke, stability of IV, 142 


Petrology colloid chemistrs applied 
to IV, 204-243 
Phagocytosis II, 131 
Phenol germicidal actiyity of V, 34 
hydrogenation of IV, 332 
partition between water and inthi ax 
spores V, 33 

Phloretine peptisation ol II 2 
Phosgene smoke clouds of IV, 183 
Phosphates in beer III, 44 
mineral colloidal IV, 242 
rocks precipitation of phosphoi us 
from, IV, 171 171 

Phosphoric acid removal of from 
solutions, IV, 22 
Phosphoi ites IV, 243 
Phosphorus smoke clouds of, IV, 184 
pentoxide smoke stability of IV, 141 
trichloride spontaneous combustion 
ol IV, 156 

Phosphotungstic acid precipitation of 
protuns with IV, 20 
Photographic emulsions III, 75 77 
images, colom of III, 78 79 
ncgatiyes leticulation of 111,60 61, 

79 

plates collodion, keeping propeities 
of III, 82 

drj exposure and development 
of in, 74 78 79 
formation of the latent image 
m 111,76 77 

Photography agar in I, 66 
carbon process in III, 74 
collodion in III, 80 
colloidal cheimstiy of III, 74-80 
gelatin in 1, 74 75 111,79 

gluten m I, 72 
gum in III, 80 

silver halide emulsions in III, 75 
Photohalides composition of III, 76, 
77 

Photophoresis of smoke particles IV, 
149 

Physiology, colloid chcmistiy in II, 
117-154 

colloids 111 , I, 85-86 
solubility and absorption of gases 
applied to. III, 41 

Phvtelephas maaocarpa Set Ivory 
vegetable 

Pickling of skms I, 11, 17 
Pigments III, 102, 110 

colloidal properties of 111,112 
powdered counting pai tides of V, 
48 

Pilante IV, 241 

Pilocarpine action of, on cells II, 130 
action of, on peimeatailitj'' of gland 
cells, II, 126 

Pinene, polymerisation of III, 93 
Pinewood separation of t<ir in distilla- 
tion of IV, 165 173 
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Plptruluic as i \ iilcanisiiig acccleratoi 
I, 43 IV, 388 

Pipeivleiie preparation of I, 45 
Pissophane IV, 242 
Pittizite IV, 243 

Pittsbuigli snioki investigation at IV, 

PI me of slip IV, 194 
Planente IV, 242 
Plant cells plasmolvsis of V, 35 
membranes See Membranes 
Plants assimilation of caibon dioxide 
bi 111,43 

chlorophyll assimilation in II, 148 
effect of colloids in soils on II, 78, 
30 

heinicclhilosts in I, 82 
mucilages from I, 60 
stratification in, II, 25 
Plastei, plastic inateiial fiom, III, 131 
Plasticity oi clavs III, 115 124-134, 
147 

increase of III, 130 
measurement of. III, 132 
reduction of III, 131 
Plasties, use of casein in, I, 71 
Platinum itomie stiuctiirc of IV, 
344 

blach IV, 328 

as a supported catalyst IV, 331 
catalytic action of II, 142 
colloidal precipitation ot II, 9 
effect of impurities on the letivity 
of II, 154 

native deposition of IV, 218 
partielos electrical (barge on 111,50 
sols as catah sts IV, 328 
witli ethyl malonate III, 49 
spongy IV,i328 
Plessite IV, 3b 
Plinthite IV, 238 
Plombiente IV, 241 
Plumbago enieiblts maniifncture of 
III, 120 

Poiseuillc's I an I, 5 
Polarisation ctitet ot colloids on IV, 
350 

Poliamti- IV, 231 

Polyinensation ot diying oils III, 104 
Polyohn, III, 104 
Polvjieptidcs, synthesis of III, 87 
Porcelain Chinese, III, 150 
mannfactiue of, HI, 151 
Poitland cement Set Cement 
Potassium bromate effect of in flora 
III, 72 

chloride densits of, IV, 89 
Potassium dichi ornate, diffusion into 
silver nitrate II, 21 , V, 26 
hexoate, washing power, density and 
conductivity of. III, 15 
ions mobility of, and of ionic 
nueelle. III, 11 


Potassium lanrate, conductivity and 
viscosity of III, 13, 29 
lauiate and oleate, viscosity of mix 
tmes of. III, 14 

mynstate conductivity and vis- 
cosity of III, 13 29 
oleate, behaviour of alcohohe solu- 
tions of III, 4 

conductivity and yiscosity of, III, 
13 29 

palnutate conductivity of III, 7, 
28 

hydrolysis and alkalimtv of III, 5 
salts, distribution of, in blood II, 
124 

necessity of, in cell pjoccsses II, 
141 142 

ladio activity and physiological 
action of II, 141, 143 
replacement of m physiological 
fluids II, 111 
soaps IV, 255 

conductivity of HI , 29 30 
curd of III, 22 
density of III, 14 
ionic micelle in, HI, 8 
optical piopeitles of, III, 31 
stearate conductivity of HH 28 
sulphate, surface tension of IV, 281 
vapour coloiation of mmeials by 
IV, 39 

optical resonance of the cloud from, 
IV, 148 

Potential ditterenees of, at membrane 
surfaces IV, 115 

Pottery, fine manufacture of III, 151 
ground plasticity of on heating 
yvith water III, 128 
Poyvdeis fluidity of IV, 27- 
smokclcss IV, 183 

Precipitates, adherence of to be ikers, 
IV, 16 

amorphous ivashing of IV 13 
coagulated, washing ot, IV, 12 
formation of IV , 5 
gelatinous, washing of II, 5 
peptisation of, IV, 13 
purification filtration and washing 
of, IV, 11 

Precipitation, 11, 2-16 , IV> 10 

of smokes electrostatic IV, 22, 127, 
128 158 172 
thermal. IV, 168 
periodic, theory of II , 24 
rhythmic in mmeials IV, 214 


Printers i oilers, use of gelatin in manu- 
facture of. I, 76 
Printing of textiles II, 69 

pastes, fixation of colours from II, 
69 

Producer gas yvashmg of, IV, 167 , 



Propeptonc action of with caibou 
dioxide III, 43 

Piopvl formate latent heats of IV, 69 
Prateids See Proteins 
Proteins action of electrohdea on V, 
16 19 

as colloidal electrolytes III, 2 
coagulation of, I, 85 
colloidal nature of, 11, 137 
compounds of, with neutral salts II, 
137, 142 

estimation of IV, 20 
in rubber IV, 361 368 
osmotic piessuie of II, 136 
solvation factors of I, 3 
struct, urc of, I, 7 
swelling of, III, 53 58 
viscosilv of, I, 4 5 V, 21 
Proteose III, 69 70 
Protoplasm II, 117 
action of d-ves on 11,123 128 
bibliographi of, II, 122 
Brownian movement m II, 118 
equilibrium and energy relations in 

II, 121 

^iobnatioii of inembianes in II, 120 
gel condition of II, 119 
tailed ' II, 122 
liquid natuie of, II, 118 
micro dissection of II, 119 
physical chemistij of I, 85 86 
Protozoa pulsating vacuole of II, 131 
Prussian blue, Biownian movnnent of 

III, 112 

peptisatiou of II, 5 
piecipitation of, 11, 10 
Pseudoclase, IV, 214 
Pseudopodia, II, 118 
Pseudo-stalactites IV, 215 
Psilomelano, IV, 231 
Pumice as. suppoit IV, 330 
Purple of Cassius test IV, 22 
Putty, IV, 373 
Pyntes foimation of, IV, 234 
Pyrolusite, IV, 231 
Pyroxylin in ethyl alcohol See Col- 
lodion 

peptisatioii of II, 2 


artz conversion of into colloidal 
' silicic acid, II, 6 
gold deposits in 11,25 
hygiobcopio natuie of IV, 275 
lead and zme oies in mixtures of 
chalcedony and IV, 209 
opalescence of, IV, 223 
powdered, density of, IV, 276 
separation of mixtures of galena 
blende and, IV, 266, 321 
smoky, coloration of IV, 39 
suiface tension of, IV, 281 
Quartzme, rv, 221 


Qumce-seeds mucilage from 1,61 
Quinol solubiUtv of carbon dioxide in, 
III, 42 


Babbit salts in blood of 11, 124 
Kadio active substinces electrification 
of smokes and clouds bj IV, 156 
Kadium valcncj of bv electio osmosis, 


Railway sleepeis electrical prcsciv ation 
of, II, SO 

Bam clectnfication of IV, 155 
falling of IV, 131 
formation of, IV, 141, 178 
Eambows foimation of IV 146 
Rambong rubber See Rubber 
Bavlcigh’b formula III, 33 
p-Rays precipitation of positively 
charged colloids bv II, 12 
Reductase bibliogiaphy of II 111 
in milk II, 109 

Refraction, anomalous double of 
minerils IV, 216 

Refiactivc index of colloidal particles 
III, 35 

of soap solutions III, 19 3] 
Refractories manufacture ot II, 30 
Rennet See Renmn 
Renmn coagulation of milk bv II. 
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optimum temperature for 11, 103 
Resui elastic reactaon of inixlmes ot 
turpentine and III, 110 
lakes formation of 111 , 109 
oils emulsions of water in HI, 107 
precipitation of, from alkali bv 
benzene III, 108 
smoke stabihty of IV, 142 
soaps combmatiou of with basic dv es 
and vnth petroleum hvdiocaibons, 
III, 109 

suiface tension of HI, 16 
Resins action of, in vulcanisation 1 , 43 
lowering of the suiface tension of 
water by III, 109 
synthetic m vaxnishes HI, 113 
Resite, HI, 113 

Resorcinol solubility of carbon dioxide 


m 111,42 

Respirator, box for poison gas. H, 154 
Ring compounds as Inbncants IV, 198 
Ring test piece foi testing rubber IV , 


Ripening of silvci halide emulsions HI, 
75 77 

River water chlorination of HI , 43 
precinitation of mud from H, 12 
Rocks colloidal, IV, 217 
heated, gases from, IV, 275 
Igneous IV, 216 
weathering of IV, 205 
Rock salt, coloration of IV, 39 
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" Rope ' in bieid III, 71 
Ropmebs I, 62 
Robanilines V, 16 
Rosin See Rcsm 

Rouge suspension'' action of soap on, 
II, 5 

Rnbbei, I, 41-46 IV, ^o7- 'ISO 
ageing of IV, 369 379 
bibliography of, IV, 376 
blanket IV, 339 
block IV, 359 
ccara IV, 359 
cicpc IV, 359 

behiviour lu biuzcne IV, 3b0 
coagulation of IV, 160 
cold-curing of IV, 171 3S0 
degradation of IV, 159 
effect of heat on IV, 362 
hysteresis of IV, 369 
influence ot piotcins on lolloidal 
properties of IV, 361 
manufacture of IV, 377 
mineral ingiedients in IV, 172, 379 
osmotic piessiire of IV, 361 
over cured IV, 369 
noii-caoutcliouc constituents I, 42 
para IV, 358 

carbohydiatc lonstitucnts of, I, 
41 

preparation of I, 42 
piopertips of IV, 377 
proportions of sulphur to IV, 171 
ranibong, IV, 359 
raw, ciCpeing of IV, 359 
pioprrties of, IV, 357 
mastic ition oi, IV 358 
resins in I, 43 IV, 360 
shoot IV, 359 

behaviour m beii/ciie IV, 160 
sols viscosity ot 1,3 4 
solvation factors of 1,3 
stress-strain curses ot IV, 364, 
370 

swelling in solvents III, 53 , IV, 
365 

synthesis of, I, 45 IV, 375, 380 
tackiness of IV, 360 
testing of IV, 376 377 
viscositv of, IV, 361 
viilcamsatioii 1,43,44 IV, 362 365 
378 

catalystj.for IV, 368 
culcamscd gels IV, 167 
peptisation of II, 2 
physical pioperties of IV, 363 
stability of, IV, 371 
storage of IV, 371 
testing of I, 45 
6ee also Caoutchouc 
Rubidium salts, replacement of potas- 
sium salts by, 11, 141 
Rye flour -viscosities of mixtures of 
water and III, 70 


Sarchat oni] Cc 6 irmsicF biolosy of. 

Ill, 73 

Salic vlaldebvde as a membrane IV, 
117 

Salts, action of solutions of on gelatin, 

III, 53 

adsorption of by cla\s III, 122 
compounds ot proteins with II, 
137 142 

etficiencv of as coagulants IV, 9 
m flour, III, 72 

vaporisation of, in flames IV, 123 
Sand, nurtures of alumina ind III, 
140 

mixtures of silica and, III, 139 
Sandstone cementation of IV, 208 
plistic material from III, 131 
Saponification IV, 257 
Saponin ictardation of enzyme action 
bv II, 146 
Saponite IV, 240 
Schardmger’s reagent II, 109 
Schulze’s la-w II, 1 8 IV. 9 
Scouring of textiles, II, 67 
Sea urchins action of alk ui on the 
eggs of II, 124 

Sea -water, aeiating cainciti of. XV, 
315 

in flotation IV, 320 
precipitation of miiddi incr water 
bv II, 12 

Seaweeds, colloids fioni I, 61 
permeability of the tissues of to 
alkali, II, 135 
Secretion II, H3 

Sediments, cementation of IV, 208 
mineral formation of IV, 206 
Seeds swelling and germination of, 

m, 60 61 

Semi-colloids III, 3 
Sensitive plant movements of, and 
permeability 11, I'^h 
Sericme II, 65 
Serpentine IV, 240 
weathenng of III, 149 
Seium electro-osmotic tir itment of, 
II, 47 

Sewage activated sludge treatment of, 
H, 91, 95 

albnmuioiil ammonia m, II, 82 
colloids in II, 85, 39 99 95 
dial-ysis of II, 83. 93 
domestic, constituents of, 11, 82 
filtration of, II, 91 93 
oju^en absorption m, II, S3 
precipitation of colloids with iron 
acetate, II, 83, 94 
punfication II, 84, 93 
bihhogiaphy, II, 93 
colloid chemistry of 11,81-95 
theories of II, 87 
Shales, formation of IV, 208 
Shanvivskite IV, 226 



Sheep'ikms iJickbng of, I, 11 
Shell'll? dcrnati\es, imbibition bj III, 
109 

filnib properties of III, 109 110 
Shells formation of I, o6 
Shower-pioohng fabnes V, 45 
Shrinkage of cla>s in rlr\ing III, 135 
Siderite I’l% 207 242 
Siderople&ite IV, 242 
Silica, colloidal, in clays III, 139 
pieparation of, II, 47 51 
precipitation of colloidal feme 
hydi oxide bv III, 14(1 
estimation of, IV, 19 
forms, of in sods, IV, 21 
fused flotation of, IV, 27 (d 
gels, ageing of. III, 139 
deh\diation of III, 140 
stnictnre of, IV, 222 , V, 27 
hydrated forms of, IV, 221 
Ignited, adsorption of moisture 
b>, IV 16 

natural forms of IV, 219 
plastic matenal from III, 131 
refiactive index of, III, 111 
synthesis of III, 1 15 
Sdicates mineral IV, 234, 236 241 
molten miscibilit> of IV, 216 
Silicic acid gels elimination of water 
from III, 46 

jellv concentiation anti solnbililj of 
III, 68 

peptisation of, II, 4 3 
sob., emulsoid nature of III, 139 
solution of, in ammonia IV, 14 
Silicon tetrachloride, smoke clouds 
fioin ammonia and IV, 1S4 
Silk, absoiption of aoids and allvalies 
by, I, 24 
aitificul 11,68 

acid patches m V, 58 

adsorption of rare earths bv, V, 69 

bibliugiaphy of V, 70 

covering power of V, 69 

dyeing of, V, 68, 69 

eSect of wetting on V, 67 

evenness of V, 68 

fine filaments of V, 54 63 

gelatin in I, 76 7b 

lustre of, V, 67 

manufacture of V, 50-71 

cellulose acetate process V, 64 
cuprammoniuni proce^-s V, 51 
nitrocellulose piocess Y, 55 
\istnsc piocess V, 58 
propel ties of V, 65 
softniss of V, 68 
spmniiig of, V, 53 57 61 65 
strength and elasticity of, V, 65 
smictiiie of threads V, 66 
swelling of in alkali II, 64 
treatment with foimaldehvdo, V, 


Silk, dcgummiiig of V, 44 
hvdrol\-is of II, 65 
acoiinng of It, 67 
Sillimaiiite crvstallme III, 143 
Silver carbon disulphide m elect! o- 
deposition at IV, 346 354 355 
colloidal colour changes in deposits 
cit. Ill, 7« 79 
piecipitation of, 11, 9 
separation of in photogiaphic 
plates III, 76 

electiohdic crystal struciui c of IV, 
353 

molten explosiic solidific ition of, 
IV, 124 

native deposition ol IV, 217 
particles elcctncil charge on III, 
50, IV, 29 
velocities of IV, 1 15 
sols solubility of hydrogen m 111,43 
with ethvl malonatc HI, 49 
Silvei chloride flocculation of IV, 311 
halides complex cations in colloidal 
solutions of I\ , 1 4 
cnstallogiaphj of HI, 75 
effect of light on HI, 76, 77 
gelatin emulsions of HI, 75 
peptisation of H, 3 , IV, 13 
reduction of by alkaline de- 
y elopers HI, 79 
yvashing precipitates of H, 5 
inks, V, 49 

iodide precipitation of IV, 22 
nitrate, diffusion into dichromate H, 

21 , V, 26 

oiade froth flotation of, V, 43 
reduction of IV , 282 
salts action of albumin on I, 68 
sulphate diffusion into barium 
chloride, V, 27 

sulphide precipitation of 11, 13 
Silkworms colloid in the glands of 
H, 66 

Smews collagen of V, 30 
Smtei sihceous, IV, 226 
Size of particles and solubihtv I V , 8 
Sizing of textiles, H, 66 
use of casein in I, 71 
use of gelatin in I, 74 
use of seaweed jeVhes m 65 
use of starch in I, 46 48 51 
use of yvheat flour in, I, 50 
Skinning of mixed paints HI, HI 
Skins absorption of acids b> I 15 
action of bismuth salts on I, 17 
bating oE I, 15 17 
chemistry of I, 19 
oiUng of I, 13 17 
pickling of I, 11 17 
structure of I, 5 
Sky blue colour of, IV, 179 
Slate plastic matenal from, III, 131 
Sleet formation of IV 179 



Smi Itci inokt , filtiation of IV, 165 
173 

Smoke charts, IV, 127 
clouds in warfare IV, 183 
filters IV, 126, 12S 
monitors and recorders IV, 126 128 
particles Brownian movement of, 
IV, 133 

diffusion of in gases, IV, 140 
electric charge on IV, 154 155 
observation of, in the iiltra- 
inicroscope IV, 133 
settling of IV, 141 
Smokes analysis of IV, 22 
combustion IV, 185 
concentration of, IV, 126 
definition of, IV, 122 
determination of size of particles in 
III, 38 39 

eloctiostatic precipitation of IV, 
127 128 158, 168 172 
filtration of, IV, 167 
flocculation of IV, 141 157 
' I • IV, 171 

• of IV, 

164 171 

recovery of metallic compounds 
from, IV, 163 

obscuring power of IV, 127 184 
optical methods for determination 
of the concentration of, IV, 127 
optical properties of, IV, 148 
production of in varfaro, IV, 124 
thermal precipitation ot IV, 168 
washing of, IV, 166 
Sneezing gas IV, 184 
Snow formation of IV, 178 161 
Soap boiling, theory of, IV, 249 
bubbles, inpture of TV, 48 
stabUity of, IV, '>83 
curd, evolution of heat on foi mation 
of. Ill, 23 

sliucture of III, 22 \ , 24 

films, surface tension of, IV, 94 
gels, ultra mici oscopy of. III, 21 
solutions. III, 2-31 
addition of fatty acids to. III, 23 
addition of alkalis to. III, 24 
acral ion of water by IV, 315 
alkalinity of, III, 4 
conductivity of, II, 14 , III, 7, 
28 

constitution of, in alcohol. III, 3 
density of. III, 14 
dialysis of, III, 19 
oftect of electrolytes on. III, 12 
emulsification of paiafhn oil by, 
III, 27 , IV, 319 
foaming of III, 16 
formation of layers in, IV, 251, 254 
free acid m, III, 6 
hydrolysis of, HI, 4, 6 
lomc micelle in, HI, 7, 10 


Soap solutions optical properties of, ! 
m, 18 31 

osmotic pleasure of HI, 8 
physical properties of. III 12 
solidification and gelatinisation of, 
HI, 20 

surface tension of, III, 15 IV, 
283 

m contact with air III, 15 
in contact with oil. III, 16 
in contact with benzene III, 17 
refiactive index of III, 19 
turbidity of, HI, 18 
nltrafiltralion of, IH, 19 
ultramicroscopy of, I, 15 
viscosity of HI, 8, 12, 31 
wetting power of, V, 41 
Soaps, acid, suspensions of. IH, 6 
insoluble, HI, 18, 23 
action of, on suspensions of carbon 
or rouge II, 5 
upon dirt, HI, 26 
adulteration ot, IV, 249 
bibliography of, III, 28 
cleansing power of V, 44 
colloidal chemistry of, HI, 2-31 i 
IV, 244-263 

colour and hardness of IV, 261 
composition of Ives, IV, 245, 246 
curd. IV, 248 

decomposition of, by carbon dioxide, 
IH, 6, 30 

detergent power of, HI, 24 

effect of 111 flotation, IV, 320 

emulsifying properties of, III, 25 

fiom clays HI, 153 

glycerine in HI, 27 

hard IV, 248 

household 262 

hydration of ruid fibres in, IV, 252 

hydrolvsis of III, 30 

manufacture of, I^f, 244 

marbled, IV, 249 

Marseilles I\ , 262 

mottled, IV, 249 

osmotic orcssuie of IH, 3f) 

pure composifion of, IV, 247 

salting out of, IV , 250 

soft. IV, 248 

solubility of curd-fibres of, IV, 250 
surface tension and interfacial ten- 
sion tnnards Vaseline, V, 41 42 
use of sodium napbthenates as, IH, 
96 

■w'aShing power of, IH, 24 
Sodium arsenite as cattle dip, V, 44 
behenate, separation ol aqueous 
solutions of, HI, 21 
viscosity of, HI, 13 
bicarbonate, function of, ui blood, 

ir, 151 

carbonate and silicate, effect of, on 
casting of clay', HI, 147 



Sodium cWoiidc, combm-ition of 
gelatin with, III, 53 
chloride and silicate viscosity of 
mixtuies of. III, 14 
hydroxide, surface tension of, against 
oil III, lb 

laurate, conductivity of. III, 29 
washing power of III, 25 
mynstate conductivity of, III, 29 
naphthciiates, use of, as soap III, 9b 
oleate action of. nti red blood coi- 
pusolos, II, 127 

addition of alcohol to aqueous 
solutions of III, 4 
conductivity of. III, 28 
gels, structiiie of III, 21 
surface tension of, against ben- 
zene, III, 17 

against paiaffin oil III, 16 
in contact with air, III, 15 
visoosiLv of III, 13 
washing power of. III, 26 
palmitatc, addition of palmitic acid 
to solutions of. Ill, 21 
conducts ity of III, 7 29 
formula foi ionic micelle of III, 11 
hjdrolysis and alkalinity of III, 5 
osmotic pleasure of III, 30 
surface tension of against oil 
III, 17 

Mscosity of, I, 4 III, 31 
■peioxide, action of on starch, III, 

plumbitc treatment of petiolcum 
distillates viuth III, 9b 
rosinate, washing powei of, III, 25 
salts, antagonism of calcium salts 
and, II, 126, 130, 140 
distribution of, in blood, II, 124 
in physiological fluids, II, 141 
silicate in froth flotation, IV, 269 
pieiention of hardening of paint 
by. III, 111 
soaps IV, 255 

as emulsifying agents II, 120 
conductuity of, III, 10 
cuid of III, 22 
density of III, 14 
in lubncating greases III, 98 
•optical properties of III, 31 
relation, between the solidification 
temperatures of, and mcltii^ 
points of their fnttv acids, Ilf, 


surface tension of, against oil. III, 
17 

stearate conductivitv of. III, 29 
surface tension of, against oil III, 
17 

■vapour, coloration of minerals by, 
IV, 39 

optical resonance of the cloud 
from, IV, 147 
(B 34-254)z 


Sods acidity of, II, 74, SO 
action of acids on, II, 72, 79 
clay, flocculation of, II, 77, 80 
colloids in, I, 86 

estimation of, II, 78 80 IV, 21 
constituents ol II, 79 81 
drying of II, 78 
estimation ol liuinus in IV, 21 
eschange of bases in II, 71 75, 

79 

Michiean acidity of II, 71 
miner dl of Japan md Tvorca acidity 
of II, 75 

pan formation in, II, 7b 80 
silica in, IV, 21 

water rclatioubhips of II, 73, 80 
Soya bean i>ee Soya bean 
Sokolott slaking test foi cl ivs, III, 132 
Solai dust IV, 179 
haloes, IV, 146, 178 
Solids adsorption at surfaces of IV, 
349 

adsorption of gases In IV, 274 
contact angles of Inpiids with IV, 289 
ci-ystalline See Ci-vstalIino solids 
disintegration of, IV, 124 
suifaccs of, IV, 278 
surface tension of, TV, 280 294 
Sols, table of transitions between types 
of solutions and III, 28 
oolubdity and sire of pailicles, IV, 6 
of gases in colloidal solutions, III, 
41 

product, IV, 5 

Solution definition of the term, 1, 31 
rate of of gases in watei. III, 47 
Solutions aniomc IV, 23, 24 
cationic, IV, 23, 24 
electrical endosniose with II, 29 
formation of nuclei in, IV, 6 
interchange of ions in, IV, 7 
sudden clearing ol IV, 22 
table of transitions between types of 
sols and III, 28 

Solvents for cellulose esters. III, 84 
for lubber, IV, 365 
recovery of, in spinning processes V, 

Soot, annual fall of, IV, 176 
constituents of, IV, 177, 182 
Sorbite IV, 34 

Sound wmves influence of on pai tides 
in disperse systems, IV, 142 
Soya bean oil emulsifying power of 

III, 103 

Soya beans, proteins in, I, 73 II, 106 
Soya Uspida See Soya beans 
Spectra adsorption, of limmoglobui 
and its derivatives, II, 153 
Spinning of artificial silk, V, 53, 57 
61, 65 

Spinning baths acid and alkaline, V, 54 
toi the viscose process, V, 61 
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Spoit)gtlite, IV, 227 
SpiavN atomising, IV, 124 
Stal^gniometei V, 41 
Stalonesb of biead. III, 62, 64 66 
Stannic acid in analysis, IV, 22 
o\ide, fioth flotation of V, 43 
precipitated, washing of, II, 5 
precipitation of, in gels, IV, 233 
suspensions of, in toluene, IV, 313 
phosphate, precipitation of IV, 22 
Stapkvlococcus lesistance to germicides, 
V, 36 

Starch action of acids and alkalis on 
I, 4H, 49, 50, 51 

action of diastase and carbon dioxide 
ot . Ill, 73 

action of neutral salts on, I, 48, 51 
action of sodiinn peroxide on. III, 
68 

adsoiption of alkalis and alkaline 
earths bv, I, 43 
coagulation of, I, 38 
colloid chemistij of I, 46-51 
colloidal pioporties of I, 38, 86 
compound of amjlase and 11, 148 
deiivativcs, I, 49 

moleciilai foimiiH and weight of. III, 
67 

oxidising agents on, I, 50 
pastes, changes in III, 65 
phcisphoius content of I, 41 
physical piopeities of, I, 47, 49 
piecipitation of, I, 48 
with iodine IV, 21 
size of molecules of HI, 67 
sizing propel ties of II, 66 
solid 111 biead. III, 66 
solubility of gases in, III, 43 
soluble I, 50 

depiession of Ibc freezing point 
of III, 67 
in bread, III, 69 
prepaidtion of III, 68 
solutions evolution oi gas fiom HI, 
46 

stiffening powei of, I, 49 
technical applications of, I, 46, 4S 
51 

viscosity of mixtures of flour md, 

III, 64 

whear, behaviour of, in baking, III, 
65 

Steam, electrification of, IV, 155 
tr uisparency of, to light, IV, 145 
Steel, damascened IV, 36, 38 
estimation of carbon in, IV, 35, 38 
hardened, solubility of in sulphniic 
acid, IV, 35 
hardening of, IV, 33 
high-speed tool IV, 35 
solubility of, in dilute nitiic acid, 

IV, 35 

Steel-incltmg, crucibles for, III, 138 


Stefan s h3pothesis, IV, 46 
Stm'tha gum from, I, 58 63 
Stevensito, IV, 240 
Sthenosing process V, 67 
Stibicomtc IV, 233 
Stibnite IV, 2 3 3 t, 

Stilpiiosideiite IV, 210 229 
Stokes law, III, 3 34 3b, 38 
Stomach coagulation of con s milk m, 

II, 98 

Stone Cornish plastieitv of on heating 
withvvatei 111,128 
dust for ebeekuig coal dust explo- 
sions IV, 162 

Sloieh s test for peroxid.ast II, 107 
Strati lieatioii m gels II, 22 23 
in natmr II, 22 

Sliontium sepaiatioii of banum, cal- 
cium and IV, 12 
Stiyi hiiini antidote to I, 85 
Stvrol, poljmiii ation ut, on heatmg 

III, 103 104 

Sub-imeions 111,32 3 3 34 36 38 
Sugai cxtiactioii of lium beet II, 
46 47 

juiei gum finm, I, 62 * 

solutions, pievention of precipitation 
by, II, 2 

Sulphates, mineral colloidal, IV, 242 
Sulphide minerals action of oils with, 

IV, 325 

slimes floi ( Illation of IV, 324 
Sulphides mmci il IV, 233 

natuial migintion of eollnidal sols 
ot IV, 209 

of (jioups II and i\ , pi ecipitation of 
IV, 18 

pcptisatioii ol II, 3 
Sulphos iliev lie ii id piecipitation oi 
piotems with IV, 20 
Sulphur action of on petroleum dis- 
tillates III, 96 
coagulation ot, II, 8 
I olloidal viscositv of, I 3 
flotation of, IV, 294 
native deposition ot IV, 218 
proportions of lubbci to IV, 371 
reaction between lubber and, I, 44 
suifaee tcin^ion of, IV, 90 294 
toxic ai tion ot to catril/sts IV, 344 
Sulphui chloudc, vulcanisation with, 
IV, 374 

dioxide action of. on gluten, 1 , 73 
trioxide smoke, siabiht> of, IV, 141 
Snlphurie acid, aeiating capacity of 
solutions of, IV, 317 
dilute iition of, on stiel IV, 35 
in fioth flotation IV, 269 
in the atmospheie, IV, 176 
mist IV, 164, 173 

precipitation of, IV, 170 
lemov al of, IV, 167 
surface tension of, IV, 87, 285 



Sulphuiic acid surface tension and 
comp) essibility of solutions of IV, 
56 

Sumps III, 148 
Sunnsc colours of, IV, 181 
S’ set colours of, IV, 181 
Supersaturation of colloidal solutions, 
III, 44 

111 solutions IV, 6 

Supports, action of, m catalysis IV, 
830 335 

Suifacc adsorption IV, 8 

energy calculation of fiom surface 
tension IV, 53 

Idtti of liquids, energy m, IV, 94 
thickness of, IV, 47 
tension bibliography of, V, 12 

calculated from conipressibilitj , 
tabic of IV, 106 
calculated from, density, table of 
IV, 110 

calculated from Intent heat, table 
of IV, 99 

calculation of, IV, 54 57, 58 62, 


82 84 

calculation of suiface eneigy from, 
IV, 53 

clu mical oonstitiition and V, 35 
delimtioii of IV, 278 
nieasuumcnt of, I, 3, IV, 274 
V, 1-13, 40 


cspillaiv use raftliod, V, 3 
(hop weight method, V, b 
pull on sphciical suifsce V, 7 
1 ipplc method V, 7 
toision b ilaucc mi thod V, 11 
110,11 the critical point IV, 75 
ot acids and salts IV, 28b 
of bactenal emulsions, V , 33 
ot colloidal solutions, V, 30 
of drying oils III, 105 
oi liquids by the vibrating jet 
method IV , 2b3 
bv the pull on a film, IV , 284 
lit sohds, IV, 280, 294 
of soap solutions III, 15 
1 elation of compiessibihlt to IV, 


tlieoiics ot, IV, 49 
w etting power and, V , 39 
Sin faces composite IV, 193 

diy and greasy, frictional pioperties 
of, IV, 187 

polished stiucture of, IV , 189 
Suspensions natuial, IV, 204 
buspcnsnidb adsoiptiou envelopes on, 
I, 4 

distinction between enuilsoids and 

electiic charge on, m relation to 
viscosity I, 2 ttt QQ 

Sutherland-Einstein equation. 111, 38, 


Sn eets, gum arable in manufacture of 
I, 53 

Swelling III, 51 57 53 , V, 22 
ol eniulsoid colloids tl, 140 
Sylvite coloration ol IV, 39 
Syrups estimation of gum arable m 
I, 54 

Systems binaij, clcctiical endosmose 
in II, 27 

heterogeneous, fatnljsis in II, 145, 
14b, 150 


Taenite IV, 3vs 
Talc, IV, 240 
formation ot III, 149 
1 allow rosin soaps III, 24 
lannic acid absorption of, by casein, 

I, 71 

action of gelatin nith, I, 76 
iction of starch on I, 49 
compounds of metals and alhumm 
with I, 68 
in flotation IV, 320 
leactioii of hcmicelluloscs rvith I, 63 
Tannin, action ol alkaline solutions of 
on clays III, 121, 131 151 
adsoiptiou ot by tlajs, III, 122 
analysis of HI, 59 
colloidal, I, 18 19, 20 
estimation of, IV, 20 
in blowing I, 39 
mixtures of gelatin and, II, lb 
pcptisation ol, II, 2 
leactions of 1,15 
Tanning, .dunum, I, 12, 20 
bibliography of 1, 14 
clnome I, 12 7b 
colloid chemistry of I, 5-20 
electrical, H, 44 47 50 51 
theory of, V, 18 21 
use ot hemu cllnloses in I, fa4 
vegetable 1, 12 16 20 III, 59 61 
with ecrinm salts, I, 17 
lar-acid emulsions germicidal power 
of V, 37 

Telluiatcs as coUoidal electrolytes, III, 
2 

rellurmm colloidal II, 7 
dioxide as cataly st stimulant IV, 336 
Temperatme for precipitation, IV, 1 1 
'xensile stiength of liquids, IV, 41 
leria lossa foimation of IV, 228 
Toxtile fibies, colloid chemistry of II, 
52-69 

Textiles dyeing of II, bS 
finishing of IT, 69 
printing of, II, 69 
scouring of II, 67 
siring of, II, 66 

Thermal precipitation of particles from 
disperse sj’stems, IV, 150 
Thiele piocess, V, 55 
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Tlii076ne IV, %7 

Thunderstorms, clcctiicitv in IV, 179 
Thuringite IV, 2 18 
Thymol germicidal action ot V, U 
Tick, Bont, deslinction of V, 44 
Tiles manufactiuc of. III, lol 
Timber, preseivatiou of, II, 4 o 49 
Tin, surface tension of IV, 90 
Tin alloys with cadmium IV, 87 
oxide Sec Stannic oxide 
tetrachloride iriitaut smoke of, IV, 
184 

Tob.icco smoke, Biowmaii movement 
m IV, 1 14 

deposition of iiai tales from IV, 
151 

size of pai tides in III, '19 
Tolueno, mixtnies of ethil aleohol and 
as solvents for nitioeellulose III, 
85 

Topaz coloiatioii of IV, 39 
Topham spinning piocess V, 62 
Town air, sniokr iii IV, 176 
Toxins, combination of aiiti-to' iii' and 
V, 37 

Tngacanth, I, 57-58 

1 taxation time of. III, 110 
Tragaoanthan xylan-bassoiic acid I, 
57 

Tragacanthin, I, 57 

Tree siiravs, wetting powei of V, 40, 

44 

Tiiacctin, tanning ]iowei of I, 19 
Trichloroacetic acid pi eeipitation of 
proteins with IV, iO 
Tridymite oceuiienie and synthesis 
of, IV, 220 

iriphenylmotliane dies V, 36 
Tripropylamme, spieadmg of on glass, 

IV, 193 

Trombolite IV, 243 
Troostitc IV, 34, 33 
Trouton’s rule, IV, 55, 97 
trypan red V, 36 

Trypsin, compound of eiscin and II, 
148 

Tung oil, effect of heat on, III, 103 
Tungsten as catalyst stimulant IV, 
336 

flotation of, on inerciiiy I\ , 282 
Inngstic acid, pi eeipitation ot, II, 4 
Tiirmerite, IV, 232 
Tuigite IV, 229 
till golds I, 34 
'tunte, IV, 229 

Turpentine, contact angle ivith glass, 

V, 3 

elastic reaction ol mixtiiies of losm 
acid, III, 110 
TwitchelTs reagent, V, 41 
Tyndall beam. III, 32 

as a distmgmslimg maik of col- 
loidal s> stems, IV, 149 


Tyndall beam size ot pai tides by the 
method of the IV, 144 
Tvndallmetd IV, 127 128 lag 


U-tube method foi mobility IV, 26 
Ultra-filters, I, 31 
Ultra-filtration I, 85 , IV, 23 

tliiough lollodion membranes III, 
32 

Ultiamarme, clays m the jimpaiatiun 
of III, 151 

Tfitiamicroscopes, I, 85, 86 
immeision III, 38 
jentzbeh and Sicdentopl eaidioid, 

III, 36 

Leitz Ignatowski, III 37 
observation of smoke pai tides in, 

IV, 1 13 

paiaboloid and Beichert III, 35, 36 
sht 111,33 37 
ultra-violet light III, 39 
Ultramicroscopi III, 31-40 
bibliography of III, 40 
determination of mobility by, IV, 27 
giading of sub-microns bi III, 3 i, 
34 36 

of soap solutions 111,18 
Uiea, equilibrium of, with iimmomiiui 
cyanate II, 148 150 
synthesis of III, 86 
Urease, colloidal natuie of, II, 143, 150 
kinetics of the action of, II, 143 
Uicthane, retardation of eiirymo action 
by, II, 146 

Uiiue, separation of ammonia hum, I, 
86 


Vacuole pulsating ul piotozoa. If, 
131, 137 

Vanadium pentoxide sols, III, 21 
Vapour tension of droplets, IV, 140 
Vapouis, condensation of, IV, 122 
Vaiiscite IV, 242 
Vaimshes, III, 102, 106 
aircraft. III, 106, 107 
carbon black III, 113 
coiitaimng svnthetic rosins. III, 112 
coiial, III, no V, 8 
diying of. III, 107 
prevention of whiteness of. III, 108 
iclaxation m, III, 110 
Mscosity of. III, 106 
water-resisting power of HI, 107 
wetting power of, V, 45 
Vasculin, I, 62 
Vaseline, III, 96 

surface tension and inteifacial tension 
towards soap, V, 41, 42 
Velocity of charged particles IV, 25 
Ventilation, purification of an for, IV, 
181 



Vermicelli, gluten for manufacture of, 
I, 72 

Verwitterung'iTmge, IV, 215 
Vicat needle test for clays 111, 132 
Viscomcleis capillary, I, 3 
Viscose II, G3 ' 

ripening of V, 60 
solutions preparation of, V, 59 
Viscosity, determination of, I, 3, 4 
of blood, I, 4 
of casein sols, I, 3 
of clays, III, 121 
cltect of various types of sub- 
stances on. III, 121 122 
negative, III, 122 
of colloids, I, 2-5 
bibliography, I, 3-5 
ol fuel oils. III, 91 
of liquid mixtures, III, 84 85 
of pioteins, V, 23 
ot lubbei sols, I, 3, 4 
of soap solutions. III, 8 12 31 
of sulphur, I, 3 
of varnishes III, 1C(6 
relation of to lubricating qualities, 
IV, 197 

Viscostalagmometer, I, 3 
Vivnnite, IV, 242» 

Volcanic dust, efloct of on the coloui 
of the sky IV, 181 183 
Volgerito, IV, 233 
Vulcanisation IV, 362, 165 

iccelerators for 1,41 IV, 368 
aition of lesins in 1,41 
cociheicnt, IV, 365, 167 
theories of, IV, 374 
without sulphur, IV, 173 
Vulcanite IV, 366 


Wad, IV, 231 
Walden's iiile, TV, 97 
Warfare chemical, IV, 183 
pioduction of smokes in IV, 124 
Washing in cold water, III, 25 
of air, IV, 181 
of precipitates, IV, 12 
of smokes IV, 166 
powei of soaps. III, 24 
Wash-leather, I, 13 
W^ater, aeiation of, IV, 266 
contact angle with glass, V, 3 
contamination of the biirface of IV, 
288 

evaporation of, between glass plates, 
IV, 49 

flotation of pure paialfin oil on, IV, 
301 

hard and soft m bread-making, HI, 
72 

physical properties of, IV, 94 
resistance of varnishes to, HI, 107 
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Water, spreading of grease over, IV. 
48, 49 

spreading of, over surfaces, H , 289, 
323 

surface tension of, IV, 88, 285 , V, 4 
effect of resins on III, 109 
vapour, adsorption of, from the air, 
IV, 15 

atmospheric, condensation of, IV, 
177 

condensation of on dust particles, 
rv, 123 

on glass wool. IV, 276 
diffraction of light by clouds of, IV 
147 

elimination of, ^m silicic acid 
gels. III, 46 

Waterfalls, electrification of IV, 155 
Water glass use of sodium chl^ide 
for diluting HI, 14 ^ 

Water-in oil emulsions, II, 19, 21, 120 
Waterproofing use of casein m, I, 72 
use of gelatin in 1,76 78 
use of seaweed jellies in 1,66 
W'attle-guins, I, 56 
Wax, paraffin See Paraffin wax 
W'eatheriiig ol roclcs, IV, 205 
Weighing colloidal particles, IV, 30 
Wetting powei bibliography of V, 47 
determination of V,40 
emulsifying power and, V, 41 
foaming power and, V, 42 
industrial applications of V, 38-47 
separition of minerals by V, 42 
surface tension and V, 39 
of surfaces, IV, 293 
Wheat flour dust, IV, 161 
use of, for sizing, I, 50 
viscosities of mixtures of water 
and HI, 70 
gluten See Gluten 
smut dust explosions IV, 162 
starch See Starch 
Whey of milk 11, 103 
White lead, addition of zinc oxide tu, 
HI, 111 

refractive index of. HI, 111 
Wiedemann s laws, H, 28 
Wines Cape, H, 148 150 

use of isinglass in fining I, 77 
white South African I, 40 
Wood, protective coatings on, III, 105 
Wood-pulp, silk fiom, V, 51 
tVood tin, IV, 233 

W'^ool absorption of acids and alkalis 
by, I, 24 , II, 65 
dveing of, with basic dves, I, 36 
emulsions of fat of, II, 20 
fibies constitution and properties of, 
11, 64 

for bag filters, IV, 167 
hydrolysis of II, 64 
scouring of, 11, 67 



Wountls,*growth of collagen in healing 
of, V, 24 


Xanthation, V, 59 
Xanthosidente, IV, 229 
Xylan, I, S4 

Xylan-bassonc icid I, 57 


Yeast, In, 73 

deterioration of. III, 73 
effect of octyl alcohol on, V, 34 
Yellow ochre, weathering of. III, 149 
Yulcenite, IV, 243 


Zeolites, water in, IV, 238 , 

Zinc, eleotro-deposition of, IV, 354 
355 

separation of copper and, IV, 18 
Zinc blende See Blende 

hydroxide, peptisation of, II, 3 
oxide, addition of, to white lead, III 
111 

refractive index of. III, 111 
smoke, difficulty of wetting IV 
167 

precipitation of, IV, 170 
stability of, IV, 141 
sulphide, precipitation hltration aii< 
washing of, II, 5 IV, 15, B 
refractive index of. III, 111 
Ziicon, coloration of, IV t 19 
Zymase in flour III, 73 


Zein, peptisation of II, 2 



